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RADIOLOGIC TECHNOLOGY 


This publication 1s designed to fulfill the dual purpose of being both a basic text to be used for 
training and a working reference for radiologic technologists. In addition to methods and 
techniques, it includes basic theoretical considerations to assist technologists in dealing with 
unusual situations and in solving technical problems encountered in radiology departments. 
This text is not intended to replace the excellent commercial publications available in this 
field. On the contrary, technologists are encouraged to expand their knowledge and skills by 
frequent exploration of the many publications available to them. 
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Chapter 1 
MATHEMATICS 


1-1. Introduction. In the field of radiology, as 
in any other technical specialty, mathematics is 
used extensively. To calculate, for example, the 
voltage, amperage, or resistance in the circuit 
of an X-ray machine, a working knowledge of 
mathematics is needed. For this reason, a brief 
review of the principles of mathematics will be 
given here. 


1-2. Basic Operations and Definitions. The 
four basic operations used in problem solving in 
mathematics include: (1) addition, (2) subtrac- 
tion, (8) multiplication, and (4) division. A 
thorough understanding of these operations 
is needed for proficiency in the use of mathe- 
matics. 

a. Addition. Addition is the operation of 
combining two or more given numbers, called 
addends. The result of this combination is 
called the sum. Therefore, 4 + 9+ 3 = 16, 
where 16 is the sum; 4, 9, and 3 are the addends. 
The problem may be written as: 


4 

9 
+3 or 

16 
b. Subtraction. Subtraction is the operation 
of deducting one number from another. When 
7 is deducted from 12, we may ask “12 — 7 = 
what number?” or ‘7 + what number = 12?” 
If we have not memorized these facts, we may 
either count backwards from 12 to reach 7, or 
we may count forward from 7 to reach 12. In 
either case, the result will be 5. This statement 

may be expressed as: 


12 
— 7 or 


5 


In the subtraction of 12 — 7 = 5, 12 1s called 
the minuend, 7 is the subtrahend and 5 is the 
difference or remainder. Unlike addition, sub- 
traction cannot be checked by writing the num- 
bers in the reverse order. For while 12 — 7 = 5, 
the subtraction of 7 — 12 has an entirely dif- 
ferent answer, requiring the use of negative 
numbers, which will be studied later in this 
chapter. 


4+9+43 = 16 


12-—-7=5 


ce. Multiplication. Multiplication may be con- 
sidered as a special case of addition: 11 + 11 + 
11 + 11 = 44 or four 11’s. Since 11 has been 
added four times, we say that 4 x 11 = 44. We 
write this statement as: 


11 
x 4 4X11 = 44, (4) (11) = 44, 
44, 
or 4-11 = 44 


In the multiplication of 11 x 4 = 44, 11 is 
called the multiplicand, 4 is the multiplier, and 
44 is the product. The multiplicand and multi- 
plier are also known as factors. Thus, 11 and 4 
are the factors of the product 44. 

d. Division. Division is related to multipli- 
cation in much the same way that subtraction 
is related to addition. Division may be regarded 
as a process of repeated subtraction, in the same 
way that multiplication is repeated addition. 
The relation of 2 x 50 = 100, and 100 + 50 = 
2 leads us to define division as the inverse of 
multiplication: 100 + 50 = 2, because 2 x 50 
= 100. Ina problem such as 100 + 2 = 50, 100 
is the dividend, 2 is the divisor, and 50 is the 
quotient. The problem may be written in one 
of two ways: 


D0 


2|100 or 100 +2 = 50 


e. Definitions. 
| (1) Integer. A whole number, such as 4 or 
15. 

(2) Factor. A number which will divide 
into another number without a remainder (that 
is, 5 is a factor of 15, and 8 is a factor of 24). 

(3) Prime number. A number which has 
no factors other than itself and 1 (that is, 2, 7, 
11, and 17). 

(4) Prime factor. A factor which is a prime 
number (that is, 2, 3, and 5 are prime factors 
of 30). 

(5) Multiple. The product of a quantity 
by an integer (that is, 12 isa multiple of 4; 72 is 
a multiple of 18). 


1-3. Divisibility of Numbers: 
a. Tests for Divisibility of Numbers. The 
following rules will .be useful in determining 
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whether some number 1s exactly divisible by 
another: 

(1) 2 is a factor of all even numbers (that 
is, numbers ending in 2, 4, 6, 8, and 0). 

(2) 3 is a factor of any number the sum of 
whose digits is divisible by 3. Take 234 as an 
example. (2 + 3 + 4 = 9). The sum 9 is 
divisible by 3; therefore, 234 is divisible by 3. 

(3) 41s a factor of any number whose last 
two digits can be divided by 4. Take 1,324 as an 
example. As 24 (which makes up the last two 
places of 1,824) can be divided by 4, the whole 
number can be divided by 4. 

(4) 5 is a factor of any number ending in 
5 or 0. 

(5) 8 is a factor of any number whose last 
three digits can be divided by 8. Take 31,120 
as an example. As 120 can be divided by 8, the 
whole number can be divided by 8. 

(6) 9 1s a factor of any number the sum of 
whose digits is divisible by 9. Take 3,573 as an 
example:3 +5+%7+3 = 18. As 18 is divisible 
by 9, therefore 3,578 is divisible by 9. 

(7) 10 is a factor of any number ending 
in 0. 

b. Greatest Common Divisor (GCD). Since 
the GCD of two or more numbers is the product 
of all their common factors, the GCD of a num- 
ber may be found by factoring. 

(1) Problem. Find the GCD of 56, 98, and 
154. 

(2) Solution. Resolve the numbers into 
their prime factors and find which of these 
prime factors is common to all the numbers. 


06 =2xX2x2xT7 
98 =2x 7X7 
154 =2x7X 11 


In this problem, 2 and 7 are the only common 
prime factors, so the GCD of 56, 98, and 154 is 
2 xX 7, or 14. 
ce. Least Common Multiple (LCM). Since the 
LCM of two or more numbers must be divisible 
by each number, it must also contain all of their 
prime factors. This is the principle upon which 
the LCM is found. 
(1) Problem. Find the LCM of 18, 32, and 


40. 
(2) Solution. Find the prime factors of 
each number. 

(a) In 18 = 2 X 3 X 8, the number 3 
occurs twice asa factor of 18. Therefore, it must 
be used twice in the LCATL. 

Cb) Inmeo2 20x 2 2 C2 2 the 
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number 2 occurs 5 times as a factor of 32. Then 
it must be used 5 times in the LCM. 

(c) In40 = 2 x 2 xX 2 X 5, the num- 
ber 5 occurs once as a factor of 40, so it must 
be used once in the LCM. 

(d) The LCM of 18, 32, and 40, then, is 
2xX2x2x2x2xX3 X38 X 5 = 1,440. Or, 
it may be expressed as 2° & 3? X 5 = 1,440. 

(3) Problem. Find the LCM of 16, 18, and 
30. 

(4) Solution. Find the prime factors of 
each number. 


The LCM will be the product of each prime 
factor and the number of times the prime factor 
appears most frequently in any line: 


2) xX 3? kX 5 = (16) (9) (5) = 720 


NOTE: In addition and subtraction of com- 
mon fractions, the least common denominator 
of two or more fractions is the LCM of their 
denominators. 


1-4. Fractions: 

a. Multiplying or Dividing Fractional Terms 
by the Same Number. Multiplying or dividing 
both terms of a fraction by the same number 
does not change its value. 

(1) Problem. Change 5/16 to 64ths. 

(2) Solution. Since multiplying both terms 
of a fraction by the same number does not 
change its value, multiply both terms of the 
fraction by the quotient of 64 + 16, or 4. 


Ee 


(3) Problem. Change 12/18 to lowest 
terms. 

(4) Solution. Since dividing both terms of 
a fraction by the same number does not change 
its value, divide both terms of 12/18 by 3 and 
both terms of the resulting fraction by 2, leav- 
ing the factors 2 and 3. Therefore, the lowest 
terms for 12/18 = 2.3. Or, divide both terms of 
the fraction directly by 6, the greatest common 
divisor. 

(5) Problem. Change 18 15/16 to an im- 
proper fraction. 

(6) Solution. 

288 288 15 303 


18 = “ag? he! ig tig = 16 











AFM 160-30/TM 8-280/NAVMED P-5119 


(7) Problem. Change 147/8 to a mixed 
number. 
(8) Solution. Since a fraction indicates 
division, division is simply performed. 
alee 147 + 8 = 183°8 
8 
(9) Problem. Change 12, 2 ‘3, and 5/9 to 
to fractions having the same LCD. 
(10) Solution. 


LCD = 18;1/2 = 9'18, 2/3 = 12 18, 
and 5/9 = 10/18. 


b. Addition and Subtraction of Like Frac- 
tions. Two or more fractions may or may not 
have the same denominators. Fractions which 
have the same denominators are called like 
fractions; 3:7 and 6 7 are like fractions. In the 
addition of like fractions, only the numerators 
are added. Adding the numerators results in a 
new numerator so that the answer is a new frac- 
tion consisting of the new numerator and the 
unchanged denominator. The same holds true 
with the subtraction of like fractions, except 
(1) subtraction of numerators is not always pos- 
sible (for example, there is no whole number 
equal to 3 — 5; that is, we cannot subtract 5 
from 3); and (2) rearrangement of the fractions 
in a subtraction problem affects the answer (for 
example, 5/7 — 3/7 = 2/7, but 3/7 — 5:7 = 
2/7; in fact, 3 — 5 has no whole-number 
answer). 


ce. Addition and Subtraction of Unlike Frac- 
tions. Fractions which have different denomina- 
tors are known as unlike fractions; 4,5 and 7,'8 
are unlike fractions. In order to add or subtract 
unlike fractions, you must be able to multiply 
fractions, express fractions in higher or lower 
terms, reduce to lowest terms, factor whole 
numbers, and factor whole numbers into a 
product of prime numbers. The addition or sub- 
traction of unlike fractions requires changing 
them to fractions having the same or common 
denominator. The following examples will 
enable you to better understand the procedures 
you must follow to become efficient in adding 
and subtracting unlike fractions. 


(1) Problem. Find the sum of 2/3, 3/4, and 
8/9. 

(2) Solution. The LCD is the LCM of 3, 
4, and 9, which Is 86. Change the given fractions 
to 386ths and proceed as in the addition of whole 
numbers, the denominator remaining 36. 
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24 /36 
27 /36 
32/36 
83 /36 
The sum of these fractions is 83/36 or 2 11/36. 

(8) Problem. Find the difference between 
8:9 and 3/4. 

(4) Solution. The LCD is the LCM of 9 
and 4, which is 36. Change the given fractions 
to 386ths and proceed as in the subtraction of 
whole numbers, the denominator remaining 36. 


2/3 
3.°4 
8/9 


8/9 = 32/36 
—3/4 = 27/36 
5/36 


The difference between 8/9 and 3/4 is equal to 
5 36. 

d. Multiplication of Fractions. Both like and 
unlike fractions are multiplied in the same 
manner. The product of two or more fractions 
is a fraction whose numerator is the indicated 
product of the numerators of the fraction and 
whose denominator is the indicated product of 
the denominators. 


(1) Problem. Multiply 5/8 by 16/25. 


(2) Solution. Multiply the numerators and 
multiply the denominators, then reduce to 


lowest terms. 

Dy po te 80 8 2 

825 8x25 200 20 5 
The procedure may be shortened by cancella- 
tion: 


ms 0M 


gy ON 
23 
5 


(3) Problem. Find 3/8 of 2 1/2. 


(4) Solution. Finding a fractional part of a 
number is the same as multiplying the number 
by the fraction. In this instance, change the 
mixed number, 2 1 2, to an improper fraction, 
5/2. Then proceed with the multiplication of 
the fractions. 


or] po 


85 _ 15 
82 16 
(5) Problem. Multiply 16 by 3 3/8. 
(6) Solution. Convert 3 3 ‘8 to an improper 
fraction, 27,8. Then multiply. 
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16 27 _ 54 ee ee ee 
ig op 8 4/2223/4 [+ eK =7=2 
1 1 1 


(7) Problem. Multiply 15 3/8 by 7. 
(8) Solution. 
123 7 861 
3 x7 = 3 = 107 5/8 
e. Division of Fractions. Recall that division 
is the inverse of multiplication; that is, if 
ax b=ce,thenc +b =a,andc +a = 6b. 
When dividing fractions, invert the divisor and 
multiply, canceling whenever possible. Remem- 
ber to reduce the quotient to lowest terms. 
(1) Problem. Divide 8 by 2/3. 
(2) Solution. 


(3) Problem. Divide 516 by 4. 
(4) Solution. 
5 4 5 18 
14°1 16° 4 64 
(5) Problem. Divide 5/16 by 3/4. 
(6) Solution. 


(7) Problem. Divide 5 by 3 1,8. 


(8) Solution. Change the mixed number to 
an improper fraction and proceed with the 
division, canceling whenever possible. 


(9) Problem. Divide 8 7 ’8 by 9. 
(10) Solution. Convert 8 7-8 into an 
Improper fraction, 71,8. 


gy BG a 
(11) Problem. Divide 5 1°2 by 23.4. 


(12) Solution. Convert mixed numbers 
into improper fractions, 11,2 and 11 4. 


f. Fraction Relations. 


(1) Problem. What part of 114 is 95? 
(2) Solution. 


5 
95 + 114 = ee 
Il4 
6 
“95 = 5.6 of 114 
(3) Problem. What part of 5 1.4 is 3/8? 
(4) Solution. 
1 1 
BM Bad 
8 4 f, 21 14 
2 7 


3/8 = 1°14 of 5 1/4. 


(5) Problem. If 5.6 of a number is equal to 
60, what is the number? 
(6) Solution. Lex x represent the number. 





= X (x) = 60 
12 
D9 b68 6 72 
B= OS a 3 sap eo ee 
1 


g. Cancellation. Reducing a fraction to its 
lowest terms may still be tedious, especially 
when there are many factors in the numerator 
and the denominator. Fortunately, shortcut 
methods have been established to enable you to 
work through problems more speedily. For 
example, if 325.775 is reduced to its lowest 
terms, it may be factored this way. 


325 5X5 xX 13 
175 5xX5x 3l 


Instead of following additional steps as for- 
merly, observe that the numerator and denom- 
inator each have two factors in common. This 
means that 13, 31 is being multiplied by 1. Note 
this fact by canceling the 5’s as follows: 


325 5x5 X18 13 
775 3Bx3x38l 81 
This shortcut method is ealled the ‘‘removal of 


common factors by eancellation.”” It should be 
emphasized that this short cut can be applied 
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only when common factors are found in the 
numerator and the denominator of a fraction. 
When you are unsure of the process, it is better 
to return to the fundamental processes to check 
the work that is being done. 

(1) Problem. Divide (16 « 36 x 56 x 45 
x 11) by (8 & 28 xX 55). 

(2) Solution. 


2 
2 8 9 1 
16 x 36 xX BH X 44 X TT 

8X 28 X BA 

1 4 7 

1 1 


= 2X 36 Xk 2X9 = 1,296 


(8) Problem. Divide (28 x 36 x 50) by 
(25 & 27 X 48). 
(4) Solution. 


1 2 
7 4 
BX BHxX BH TX2 14 | 
2xX27X 4s 3X3 9 
B 8 12 
1 3 


(5) Problem. Four men have the task of 
sorting 24 boxes of castings, each box containing 
720 pieces. If each man handles 12 pieces per 
minute, how many hours will it take them to 
sort the castings? 7 
(NOTE: This problem may be solved either by 

the long method or by cancellation.) 

(6) Solution by the long method. 

720 X 24 = 17,280, the total number of pieces 
to be sorted; 12 « 4 x 60 = 2,880, the number 
of pieces the four men can sort in one hour; and 
17,280 + 2,880 = 6, the number of hours 
required. 

(7) Solution by cancellation. 


6 
12 1 
jz 2 
ee ENED pices 
ZX 4X #9 
1 2 § 
1 1 


1-5. Decimal Fractions. Decimals are simply 
fractions written in a special way. They indicate 
tenth parts of a unit or their subdivisions into 
hundredths, thousandths, etc. Example: 0.5 is a 
decimal; it is read ‘‘five-tenths,” and may be 
written as 5/10. 
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a. Decimal Equivalents. The number of 
places to the right of the decimal point deter- 
mines the kind of decimal fraction. For example: 
One decimal place expresses tenths. 

Two decimal places express hundredths. 
Three decimal places express thousandths. 
Four decimal places express ten-thousandths. 
Five decimal places express hundred- 
thousandths. 
Six decimal places express millionths. 
0.5 = 5tenths = 5/10 
0.05 = 5 hundredths = 5/100 
0.005 = 5 thousandths = 5/1000 
0.0005 = 5 ten-thousandths = 5/10,000 
0.00005 = 5 hundred-thousandths = 
5/100 ,000 
0.000005 = 5 millionths = 5/1,000,000 


NOTE: Any number of ciphers may be added 
to the right of the decimal point or removed 
from the right without changing its value:0.5 = 
0.50000. But inserting a cipher between the 
decimal point and the first figure divides the 
decimal by 10: 0.5 = 5/10, but 0.05 = 5/100. 
Also, moving the decimal point to the right ina 
number multiples the number by ten for each 
place the point is moved: 0.875 = 875/1000 and 
8.75 = 8 75,100. 7 

b. Reading Decimals. In reading decimals, 
use the names given below to represent the 
places. The word and should be used only at the 
decimal point. 


thousands 

hundreds 

tens 

units 

DECIMAL POINT 
tenths 

hundredths 
thousandths 
ten-thousandths 
hundred-thousandths 
millionths 
ten-millionths 
hundred-millionths. 


The number shown above, from top to bottom, 
is read thus: Six thousand four hundred thirty- 
nine and thirty-six million five hundred seventy- 
nine thousand eight hundred twenty-three 
hundred-millionths. 

e. Addition and Subtraction of Decimals. 
Just like the addition and subtraction of whole 
numbers, decimals must be arranged according 
to place value. This may be accomplished by 


Oo WwW > DH 


Om woonagn w 
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making sure that the decimal points are in a 
column. 

(1) Problem. Add 234.98, 0.0098001, 7.01, 
0.48000003, and 34,523.003. 


(2) Solution. To minimize the chance of 
error, it is helpful to write all the decimals in 
terms of hundred-millionths. This may be 
accomplished by adding sufficient ciphers. 


234 .98000000 

0 .00980010 
7.01000000 

0 .43000003 

34 ,523 .00300000 


34 .765 . 48280013 


(3) Misplaced Decimal. Great accuracy 
must be exercised in using decimals. A decimal 
point is more important than any figure because 
a misplaced decimal point increases the error by 
at least ten times. 


(4) Problem. Subtract 0.01 from 5.17. 
(5) Solution. 


2.17 
—0.01 


5.16 


(6) Problem. Subtract 96.307 from 128. 
(7) Solution. 


128 .000 
— 96.307 


31.693 


(8) Problem. Add 0.09, 234, and 1.00078. 
(9) Solution. 


0.09000 
234 .00000 
1.00078 


235 .09078 


d. Multiplication of Decimals. Decimals are 
multiplied in the same manner as whole num- 
bers. Pay no attention to the decimal point until 
all the figures in the product are obtained. The 
number of decimal places in the product is equal 
to the sum of the decimal places in the multi- 
plicand and multiplier. 


(1) Problem. Multiply 0.397 by 41. 


(2) Solution. Multiply as in whole num- 
bers. Since there are three decimal places in the 
multiplicand and none in the multipher, count 
off three places in the product, starting from the 
right and moving to the left. 


0.397 
x 41 
397 
1588 
16.277 
(3) Problem. Multiply 0.027 by 0.05. 
(4) Solution. 


(a) 0.027 (b) 0.027 (c) 0.027 
0.05 0.05 0.05 
00135 .00135 


First, write the decimals as shown in (a) to 
facilitate multiplication. In (b), multiply 27 by 
5 as if both were integers. Add sufficient zeros in 
front of 185 until the product contains 3 + 2, 
or 5, decimal places, as shown in (c). 

(5) Multiplying by 10, 100, 1,000, etc. To 
multiply a decimal or a mixed number expressed 
as a decimal by 10, 100, 1,000, et cetera, move 
the decimal point as many places to the right as 
there are places in the multiplier. If there are 
not enough figures in the number, affix suffi- 
cient zeros to the number. 


0.046 x 1 = 0.046 
0.046 x 10 = 0.46 
0.046 x 100 = 4.6 


0.046 x 10,000 = 460 


After the decimal point has been moved the re- 
quired number of places to the right, the final 
zero which comes after the decimal is dropped. 
Thus, 12.4 « 10.5 = 180.20; the result should 
be written as 130.2 rather than as 130.20. 

e. Division of Decimals. Decimals are divided 
in the same manner as whole numbers. Pay no 
attention to the decimal point until the quotient 
is obtained. The number of decimal places in the 
quotient is equal to the number of decimal 
places in the dividend which are in excess of 
those in the divisor. Changing the divisor to a 
whole number without changing the meaning 
of the problem is the most efficient way to solve 
such problems. Furthermore, there is a simple 
procedure to achieve this result quickly. Note, 
this example: 


25 | .96 8 


The decimal point is simply “moved” a suff- 
cient number of places to the right to convert 
the divisor into a whole number. The decimal 
point of the’ dividend is then ‘‘moved”’ exactly 
as many places to the right. Each change in the 
decimal point position is indicated by a caret, 
a. the decimal point in the answer appears 
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directly above the caret in the dividend. A solu- 
tion can be worked out to as many places as 
desired. When the division does not come out 
evenly, add zeros to the dividend and continue 
the division in order to give at least two decimal 
places in the quotient. 

(1) Problem. Divide 36.744 by 24. 

(2) Solution. First obtain all the figures of 
the quotient. Since no decimal places are in the 
divisor, but three are in the dividend, the num- 
ber of decimal places in the quotient is three. 

1.531 
24 | 36.744 
24 


127 
120 
74 
72 
24 
24 

(8) Problem. Divide 0.196 by 0.004. 

(4) Solution. There are three decimal 
places in the divisor and three in the dividend. 
Follow step 1 and clear the divisor of decimals 
before completing the division by moving the 
decimal point in the divisor three places to the 
right. Also move the decimal in the dividend 
the same number of places to the right as the 
divisor and place it in the position it will retain 
in the solution. Complete the problem as shown 
in step 2. 

Step 1: .004,| .196, 


49. 
004 | 196. 
16 
36 
36 
f. Percentage. Working with percentages in- 
volves specialized fractions whose denominators 
are 100. That is working with a ratio where the 
( sign represents the denominator of 100. 
Numbers expressed as percentages may be 
written either as common fractions or as decimal 
fractions. For example, 68 percent is equivalent 
to 68,100 or 0.68. 
(1) The following definitions must be 
learned to help understand the percentage rules: 
(a) Multiplicand. The quantity from 
which a percentage is taken is called the multi- 
plicand or base. 
(b) Multiplier. This quantity expressed 


Step 2: 
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in the number of hundredths (in percent) is 
called the multiplier or rate. 

(c) Product. The quantity taken out of 
the base at the required rate (by multiplication ) 
is called the product or percentage. 

(2) Problem. Find 5 percent of 345. 
(3) Solution. 


345 base (multiplicand) 
x0.05 rate (multiplier) 


17.25 percentage (product) 


(4) Basic Percentage Rules. 

(a) The product of the rate and the base 
equals the percentage. 

(b) The percentage divided by the base 
equals the rate. 

(c) The percentage divided by the rate 
equals the base. 

(d) To change a numerical value to its 
percentage form, multiply by 100 and annex 
the sign, “;. 

(e) To change a percentage value to its 
decimal counterpart, drop the ©“; and divide by 
100. 

For example, 1’4 = 0.25. Its expression in per- 

centage is obtained by 0.25 x 100 = 25%. 

Conversely, 20°, = 20/100 = 1/5 = 0.20. 
(5) Problem. Find 32 percent of 64. 


(6) Solution. Express 32 percent as the 
decimal 0.32 and multiply. As no decimal places 
are in the multiplicand or base, and two are in 
the multiplier or rate, count two places in the 
product from the right for insertion of decimal 
point. 

64 
0.32 
1 28 

19 2 


20 .48 
Answer: 20.48 


(7) Problem. What percent of 64 is 48? 


(8) Solution. In the exercise above the base 
x rate = percentage. Thus, dividing the per- 
centage by the base will give the percentage 
rate. 


0.75 or 75%, 
64] 48.00 
44 8 


a 


3 20 
3 20 


Answer: 75°; 
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1-6. Ratio. Ratio is the comparison of one 
number to another expressed as a quotient. For 
example, compare two lengths, 5 inches with 6 
inches, as illustrated below and note that 5 
inches is 5/6 of 6 inches. 


pot 


lin. 2in. 8in. 4in. 5 in. 
| | ! | ! | 

lin. 2in. Sin. 4in. 5in. 6 in. 
This comparison may be expressed by the frac- 
tion 5,6 which is called a ratio. The ratio of a 
length of 5 inches to one of 6 inches may also be 
expressed as 5 to 6. A ratio may be expressed as 
a fraction. The ratio of the number ‘‘a’”’ to the 
number ‘‘b” is written a’b or a:b. In the 


example given above, the ratio may be written 
as 5/6 or 5:6. | 


1-7. Proportion. A proportion states the equal- 
ity of two ratios. Thus, 2.4 = 1.2 or 2:4::1:2 
is a proportion. The proportion a/b = c/d is 
read: “‘aistobascistod.’”’ There are two types 
of proportional problems: 

a. Direct Variation. In a direct variation, 


when one factor is increased, another related 


factor is also increased. For example, in the 
formula d = rt, where d is the distance, r is the 
rate, and ¢ is the time, if d is increased, then r or 
¢ must also be increased. If d is decreased, then 
r or ¢ must also be decreased. Rate and time 
vary directly with distance. 

(1) Problem. Examination of 50 films 
showed 8 to be fogged. At this rate, how many 
fogged films would there be in 1400 films? 

(2) Solution. Set the two ratios equal to 
each other, cross multiply, and solve for zx. 


008 
1400 
50x = 4200 
x = 84 fogged films 


b. Inverse Variation. In inverse variation, 
the reverse is true. In the same formula, d = rt, 
if d remains constant and r Is increased, then ¢ 
must decrease. From this we can say that r and 
t are inversely related to each other; that is, 
when one ts increased, the other decreases. 

(1) Problem. If Tom drives his car for a 
distance, d, of 10 miles, how much time, ¢, will 
it take at the rate, r, of (a) 30 miles per hour? 
(b) 60 miles per hour? 

(2) Solution. 


d= rt 
(a) 10 = 30 x I 
10 
= f 
30 


¢ = 1 3 hour or 20 minutes 
(b) 10 = 60 x ¢t 
10 
60 
f = 1 6 hour or 10 minutes 


=| 


NOTE: The time required in (b) decreased as 
the rate was Increased. 

(3) Problem. If a 9-inch pulley running at 
180 rpm drives a 5-inch pulley, how many rpm 
is the 5-inch pulley making? 

(4) Solution. Set the two ratios equal to 
each other, cross multiply, and solve for z. 


9 r 

5 180 

5x = 1620 

x = 324 rpm 


1-8. Exponents: 

a. Signs of Inequality. To help in the under- 
standing of the laws of exponents and algebraic 
operations which follow in this chapter, signs of 
inequality are used. Indicating that two terms 
are not equal, they are 


< 1s less than; such that 3 < 4 
> is greater than; such that 4 > 3 
~ is not equal to; such that 4 # 3 


These signs are very helpful in understanding 
the laws of exponents and algebraic operations 
which follow in this chapter. 

‘b. Laws of Exponents. An exponent is a sym- 
bol placed at the upper right corner of an ex- 
pression or quantity (also called the base), in- 
dicating the power to which it is raised. The 
exponent shows the number of times that the 
base occurs as a factor when it multiples itself. 
Take the example a? = a X a. The exponent 2 
indicates that the base, a, occurs as a factor 
twice in the product (a X a). We can also say 
that the base, a, is squared or raised to the 
second power. In a* = a Xa X a, the exponent 
indicates that the base, a, oeeurs as a factor 
three times, and we say that a is cubed or raised 
to the third power. 

(1) The fundamental laws of exponents 
may be expressed by the formulas: 

(a) a”™-an = arn, 

Example: 77-73 = 7*5 = 


rr = 


(°, 
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(b) a™ +a" =a", ifm > n. 
Example: 5’ + 53 = 5*3 = 5), 

(c) am tar = aler™ ifm <n. 
Example: 53 + 5¢ = 5!/*-3 = 514, 

(d) (am)" = am, 
Example: (77)) = 773 = 78, 

(e) (ab)" = a”b". 


Example: (2b)? = 2!-64, 


(f) @) ae 
b/ == 
Example: 6) a‘, 
2/2 
(2) The laws of exponents may be further 
illustrated by using the number 2 as follows: 
(a) 2° = 1 Any number, except zero, 
raised to the zero power = 1. 
(b) 2) = 2) Any number raised to the 
first power equals that number. 





(c) 2=4 (2 X 2). 

(d) 23 = 8. (2 x 2 X 2). 

(e) 22= 16 (2X 2X 2 X 2). 

(ff) 28=32 (2xK2xk 2x 2 &X 2). 


(3) These laws hold for all types of expo- 
nents when a > 0, 0 > O, and some of them 
sometimes fora < 0, 6 < 0. Care must be exer- 
cised in their use when a < 0, 50 < 0, if frac- 
tional exponents occur. 

(4) Exponents may be positive or negative. 
The numbers 2 and 8 in a? and a’ are positive 
exponents. A negative exponent indicates the 
power to which the reciprocal of the base must 
be raised. Take, for example, 10-3. The expo- 
nent —38 indicates that the reciprocal of the 
base, 1/10, must be raised to the third power by 
1/10 * 1/10 X 1/10 = 1 1000. Or expressed 
in decimals, 1/1000 = 0.001. Or for the number 
2-1, we write 2 or os 

, 2: 16 

ec. Exponents in Scientific Notation. Positive 
and negative exponents are often used in scien- 
tific notation, especially when figures approach 
astronomical proportions. For example, the 
speed of light which is 30,000,000,000 cm per 
second may be written as 3 xX 10'° em per 
second; and the mass of a proton which is 
0.000 000 000 000 000 000 000 001 650 gm may 
be written as 1.65 « 10-" gm. Converting the 
figures from one form to another becomes a 
matter of moving the decimal point for the right 
number of places in the proper direction. The 
exponent is equal to the number of places the 
decimal point is moved. If a decimal point is 
moved to the left, the exponent is a positive 
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number; if moved to the right, the exponent isa 
negative number. 

(1) Example. 3,860,000,000 = 3.86 x 10°. 
To find x, place a caret (“) in the space corres- 
ponding to the position of the decimal point in 
the answer, like this: 3,860,000,000. Count the 
number of places from the caret to the decimal 
point in the original number. 3,860,000,000 = 
3.86 xX 10°. 

(2) Example. 0.000 000 000 000 01,8 = 
1.8 x 10°. Place the caret between the 1 and 
the 8, and count the number of places from the 
caret to the decimal point. Then 0.000 000 000 
000 01,8 = 1.8 x 107". 


1-9. Roots of Numbers: 

a. Definitions and Signs. A root of a number 
is one of the several equal factors which give 
the number when they are multiplied together. 
For example, 36 is the product of 6 x 6. This 
number has been divided into two equal fac- 
tors, so the root is said to be a square root. In 
8 = 2 <x 2 X 2, the root is said to be a cube 
root, for there are three equal factors. A root 
is indicated by the radical sign.’ . The degree 
of the root is indicated by a small number called 
the root index, asin / . The8 here is referred 
to as the cube root. When no index is written, 
the square root is always understood. For ex- 
ample: ,/9 means the square root of 9 which 
is equal to 3. The number placed inside the 
radical sign is called the radicand. The number 
found on completion of the root extraction oper- 
ation is called the root of the radicand. 

b. Extraction of Square Roots. An operation 
to find a number from its square which is given 
is called extraction of the square root. For 
example, the square root of 25 is readily calcu- 
lated as 5. But for larger numbers, the pro- 
cedure is more complex, as calculation is re- 
quired for every digit in the square root. Note 
the following example: 

(1) Problem. Find the square root of 5,184. 
(2) Solution. 
(a) Group the numbers by pairs 
(periods), beginning from the extreme right and 
moving to the left. 


V/51 84 


(b) Determine the nearest whole square 
root to the two-place number (51) on the ex- 
treme left. In this case, the number is 7, be- 
cause 7 X 7 = 49. Place the square of 7, which 
is 49, under 51, and place the number 7 above 51 
and to the left of the radical, as follows: 
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7 
7V/51 ,84 
49 


(c) Proceed by subtracting 49 from 51. 
Place the remainder below the line, and 
bring down the next pair of numbers from the 
radicand. 
7 
7/51 84 
49 


2 84 


(d) Double the 7 and place the sum to 
the left of 2 84, as follows: 


T « 

7  +/51,84. 
+t 49 

14 2 84 


(e) Then, select a number which when 
placed to the right of 14 will make a three-place 
number, which when multiplied by the number 
selected will yield 2 84, or a number very close 
to but not greater than 2 84. 


7 2 

7 +/51,84 
+7 49 

142, 2 84 

a 2 84 





(3) In this case, 72 is the square root of 
5,184. However, not all numbers are perfect 
squares. For a number that is not a perfect 
square, continue the operation by adding a 
decimal and bringing down two zeros at a time. 
In most cases, it is not necessary to go 
beyond three decimal places. Note the following 
example. 


2 7 6.6 6 2 











2 V7 ,65 42.00 ,00 ,00 
+2 4 
AT 3 65 
+7 3 29 
546 86 42 
+6 32 76 
5526 3 66 00 
+6 8 31 56 
55326 34 44 00 
+6 33 19 56 
553322 1 24 44 00 
+2 1 10 66 44 
553324 13 77 56 remainder. 


(4) In this instance, the operation yields 
a square root of 276.662 with a remainder of 
137 ,756. Since 137 ,756/553 ,3824 is less than 
1,2, the figure is kept at 276.662 as the approxi- 
mate square root of 76,542. To prove that the 
answer is right, multiply 276.662 by itself, and 
add the remainder to the product as follows. 


276.662 
276.662 
52 324 
16599 72 
165997 2 
1659972 
1936634 
553324 
76541862 244 
187 756 remainder 


76542 .000 000 


1-10. Signed Numbers. Zero is a mathematical 
symbol used to indicate absence of quantities. 
It is also used to mark a point on a line separat- 
ing positive and negative quantities. With zero 
as the origin, a number line can be imagined to 
extend from both ends toward infinity, desig- 
nating positive and negative values. 


a 


—8 —7 -6 -—5 -4 -3 -2 -1 0 


ee eel He 


+1 4243 +4 +5 +6 +7 48 


The absolute value of a number is the mag- 
nitude of its position along a number line. Let z 
be the sign indicating absolute values. Note that 
the absolute values for +6 and —6 on the line 
are both 6. The negative sign (—) simply indi- 
cates that —6 is on one side of zero representing 
negative quantities, while +6 is on the other 
side for positive quantities. 


a. Adding Signed Numbers 


(1) The sum of two positive numbers is a 
positive number. For example 


+3 
(+)45 
+8 


(2) The sum of two negative numbers is a 
negative number. For example 
—9d 
(sh) 3 
—8 
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(3) The sum of two numbers with unlike 
signs is equal to the difference between the 
numbers, the sum taking the sign of the num- 
ber which has the greater value. The negative 
and positive values cancel each other out, the 
sum being the difference that remains. For 
example 


—8 | =8 
(+)+3 (+) 8 
a | +5 


b. Subtracting Signed Numbers. To subtract 
signed numbers, change the sign of the subtra- 
hend and proceed as in the addition of signed 
numbers. For example 

—12 
(—)-— 7 
— 5 
The sign of subtrahend here is changed to a 
positive 7. 

e. Multiplying Signed Numbers. 

(1) The product of two factors having like 
signs is positive. For example 


(+6) (+5) = +30; (-6) (—5) = +30 


(2) The product of two factors having 
unlike signs is negative. For example 


(+6) (—5) = —30 


d. Dividing Signed Numbers. 
(1) If the numerator and denominator 
have like signs the quotient will be positive. For 
example 


—6 +6 
_, = Topene. 5 = +3 


(2) If the numerator and denominator 
have unlike signs the quotient will be negative. 
For example | 

—6 +6 

+2 and — 9 3 
1-11. Basic Laws Used in Equation-Solving. 
An equation is usually a formal statement of the 
equality or equivalence of mathematical or 
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logical expressions, in numbers alone, or in sym- 
bols and numbers. Basic laws used in equation- 
solving are listed below: 

a. The same number may be added to each 
side of an equation without destroying the 
equality. For example . 


x —8& = 21. Add 8 to each side. 
x—8+8 =21+8 
x = 29 


b. The same number may be subtracted from 
each side of an equation without destroying the 
equality. For example 


x+42= 18. Subtract 4 from each side. 
xr+4-—-42=18 -—4 
x= 14 


c. Each side of an equation may be multi- 
plied by the same number without destroying 
the equality. For example 


x8 = 6. Multiply both sides by 8. 
8(x/8) = (6) (8) 
x = 48 
d. Each side of an equation may be divided 


by the same number (except 0) without destroy- 
ing the equality. For example 


6x = 42. Divide both sides by 6. 
6x 42 
6 66 
CS 7, 


(1) Problem. Two numbers total 72. The 
smaller number is one-half of the larger. What 
are the two numbers? 

(2) Solution. Let the xymbol z be the 
smaller number. Then 2z is the larger number. 
Since the sum of the two = 72, we may write 
the equation as: 


2x +x = 72 
38x = 12 
re 712 = 3 
x = 24 (the smaller number) 
and 2x = 2 X 24 


48 (the larger number) 
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Chapter 2 
BASIC CONCEPTS OF MATTER AND ENERGY 


2-1. Introduction. Certain fundamental con- 
cepts regarding matter and energy are re- 
quired as a basis for an intelligent use of 
various types of radiation in diagnosis and 
therapy. Knowledge of the functional rela- 
tionships between matter and energy will 
help one understand how X-rays and other 
forms of radiation are produced, how they 
behave, and how they affect the human body. 


2-2. Matter. Matter has been defined as any 
substance that has weight and occupies 
space. There are three forms of matter: sol- 
- id, liquid, and gas. Depending upon the tem- 
perature, all substances will occur in one of 
these forms, provided no chemical change 
takes place. For example, under normal con- 
ditions water is a liquid; when exposed to 
freezing conditions, it becomes a solid (ice); 
and when boiled, it evaporates into a gas 
(steam). 

a. All forms of matter are characterized 
by certain physical and chemical properties. 
Physical properties are characteristics such 
as density, solubility, color, and conductivi- 
ty. Many of these properties are easily de- 
tected by one or more of our senses (sight, 
smell, touch, taste, and hearing). Chemical 
properties are characteristics which are 
shown during chemical interaction of one 
substance with another. When a substance 
undergoes a physical change, its composi- 
tion is not altered. For example, the freezing 
of water is a physical change. However, 
when a substance undergoes a chemical 
change, its composition is changed, and one 
or more new substances are formed. For 
example, the burning of wood is a chemical 
change. 

b. On the basis of their composition, 
substances may be classified as elements, 
compounds, or mixtures. 

(1) Element. An element is a simple 
substance that cannot be decomposed by 
chemical means. The smallest unit of an ele- 
ment that still retains the characteristic 
properties of that element is an atom. Ele- 
ments are commonly designated by a symbol 
made up of one or two letters of its English 
or Latin name. For example, oxygen is desig- 
nated by O, hydrogen by H, mercury by Hg, 
et cetera. In general, all elements may be 
grouped into two classes: metals and nonme- 
tals. Examples of metals are gold, magne- 
sium, iron, lead, and copper. Examples of 


nonmetals are nitrogen, oxygen, hydrogen, 
sulfur, and chlorine. Some characteristic 
metallic properties, such as luster, good con- 
ductivity (of heat and electricity), plasticity 
(malleability and ductility), and high densi- 
ty, are diametrically opposed to certain 
characteristic nonmetallic properties. A 
comparison of the physical and chemical 
properties of metals and nonmetals is shown 
in table 2-1. 

(2) Compound. A compound is a complex 
substance formed by a chemical union of two 
or more elements in definite proportions by 
weight. The smallest unit of a compound is 
called a molecule. A compound exhibits proper- 
ties different from the elements of which it is 
composed. For example, the elements that com- 
prise the liquid water are the two gases hydro- 
gen and oxygen (in a ratio of 1 to 8 by weight). 
A molecule of water is composed of two atoms 
of hydrogen and one atom of oxygen. This rela- 
tionship is often designated by the chemical 
formula H.O. Further consideration of the 
structure of atoms and molecules will be con- 
sidered later in this chapter. 

(3) Mixture. A mixture is made up of 
substances (in any proportion), each retain- 
ing its own physical and chemical properties. 
For example, salt and sand may be combined 
to form a mixture. These components are 
unchanged and can be separated by physical 
means, such as sorting or dissolving in solu- 
tion. | 


2-3. Energy. All matter consists of electrical- 
ly charged particles which often behave like 
small bundles of energy. Consequently, ener- 
gy 1s a property common to all forms of mat- 
ter. But, unlike matter, energy is not a 
substance and does not occupy space. Ener- 
gy is defined as the capacity to perform 
work. Two types of energy are recognized as 
follows: 

a. Potential Energy. Potential energy is 
the energy of position. It is the energy inher- 
ent in a body because of position. Thus a car 
parked on a hill has potential energy. Water 
retained by a dam located upstream above a 
power plant also has potential energy. They 
represent stored energy waiting to be re- 
leased under the right circumstances. 

b. Kinetic Energy. Kinetic energy is the 
energy inherent in a moving body. Thus 
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when the brakes of a car are released and it 
begins to move, the potential energy be- 
comes kinetic energy. When the dammed-up 
water falls to the power plant below, the 
potential energy in the water becomes kinet- 
ic energy. As the potential energy decreases 
in each of these instances, the kinetic energy 
increases, until finally the total kinetic ener- 
gy at point of impact (when the car hits the 
bottom of the hill and keeps rolling, and 
when water from the dam begins to drive the 
turbines) equals the initial potential energy. 

ce. Kinetic-Potential Energy Relationship. 
A swinging pendulum (see figure 2-1) also il- 
lustrates the kinetic-potential energy rela- 
tionship. At the extreme upward end of each 
swing (A and C), the bob comes momentarily 
to rest, and all the energy then is potential. 
However, on its swing downward, the pendu- 
lum increases in kinetic energy (E) and all 
energy at the bottom of the swing (B) is ki- 
netic. As it swings from the bottom upward 
toward the opposite end, the pendulum loses 
kinetic energy and gains potential energy 
(D) until its contained energy is all potential 
energy again (at C). 

d. Electron Volt. The unit of energy usual- 
ly used in radiology is the electron volt (eV). 
An electron volt is the amount of potential 
energy released when an electron is acceler- 
ated by a potential difference of one volt. A 
keV is equal to one thousand electron volts 
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and a MeV is equal to one million electron 
volts. 

e. Energy Transformation. Energy is con- 
stantly changing from one form to another. 
All changes in the universe involve the 
transformation of energy. Various forms of 
energy, such as mechanical energy (in steam 
engines), chemical energy (in storage batter- 
les), radiant energy (from the sun), nuclear 
energy (in nuclear reactor), et cetera are 
also convertible, one to another. A boiler- 
steam engine-generator hookup in a power 
plant illustrates this conversion. In this 
sequence, chemical energy stored in the fuel 
changes to heat energy which causes the 
water to boil, producing steam. The kinetic 
energy in the steam molecules is converted to 
mechanical energy as the engine moves. The 
mechanical energy is transformed into elec- 
trical energy as the steam engine drives the 
generator. Electrical energy is converted 
into light, sound, heat, and motion through 
such ordinary devices as electric bulbs, buzz- 
ers, toasters, motors, et cetera. 


2-4. Mass-Energy Relationships. The quanti- 
ty of matter in an object is often called its 
mass. Although frequently used inter- 
changeably with weight, the term mass is 
usually more specifically used to designate 
the degree of inertia contained within an 
object. Inertia may be defined as the tenden- 


Table 2-1. Physical and Chemical Properties of Metals and Nonmetals. 


MI TALS 


Physical Luster. 


Properties 


Good conductivity of heat 


and electricity. 
a Os) Ge ee 


High density. 


Solid state at ordinary 
temperatures (except 


Chemical 
PNoOve Tes 


Tendency to base and positive 


ion tormation. 


Pendenre < te. Fer bac tic ros en 


Cl pepe. 


hlectron Jender. 


Combinutton with nonmetals. 


NONMET ALS 


No luster. 


Poor conductivity 
Ryall 36-1 re Pe ee 


NO. BLAS Pre ty. 
Low density. 


Usually solid and gaseous 


mereury i. states: at ordinary 


renperadtures COxXce 7 t 
pbro.winej. 
Combination with metals. 


bendenes to aed cand nevatave 
Pe TO wat bets 


Vor Feeney ty reriace Dvdraven 
Gt Re ng 


LAee tron Wert payee) 
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cy of a resting body to remain at rest, or a 
moving body to remain in motion in a 
straight line. 





Swinging Pendulum IIlustrat- 
ing the Potential Energy-Ki- 
netic Energy Relationship. 


Figure 2-1. 


a. To set a resting body in motion, or to 
stop a moving body, a force must be applied. 
The greater the mass of an object, the great- 
er the force needed to speed it up or slow it 
down. For example, it takes more force to 
stop an automobile in a given time than it 
takes to stop a bicycle when both are moving 
at the same speed. 

b. When a force succeeds In moving a rest- 
ing body, it is said that work is performed. 
The amount of work done is determined by 
the quantity of the force used and the dis- 
tance the body moves in a straight line at a 
constant speed. Work is expressed bythe fol- 
lowing equation: 


Work = force X distance 


ce. The unit of work in the metric system is 
the joule (newton-meter). A joule is the 
amount of energy needed for a force of one 
newton [A newton is the unit of force in the 
mks system (meter-kilogram-second) equal 
to the force that would give a free mass of 
one kilogram an acceleration of one meter 
per second] to act through a distance of one 
meter. One watt is the unit of power equal to 
the work done at the rate of one joule per 
second. 


2-5. The Law of Conservation. The law of 
conservation of matter and energy states 
that matter and energy can neither be cre- 
ated nor destroyed, though they can be 
changed from one form to another. In all 
chemical and physical processes of everyday 
living, the mass of end products obtained is 
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equal to mass of starting materials used. 
This will be well illustrated by later sections 
dealing with the structure of matter. The 
total amount of energy in the universe is 
constant. That is, matter can be trans- 
formed into an equivalent amount of energy 
and vice versa. This is illustrated by Ein- 
stein’s famous equation: 


EF’ = mc? 
where E = energy in ergs 
m = mass in grams 
c = speed of light ina 


vacuum in cm/sec 


In other words, mass and energy are mutual- 
ly convertible. An atomic explosion illus- 
trates how a tiny amount of matter is con- 
verted into a relatively large quantity of 
energy. The matter which seems to be de- 
stroved is converted to energy. From this 
law, we can determine the following relation- 
ships for matter and energy. 

a. Matter may be changed into another 
form of matter. 

b. Energy may be changed into another 
form of energy. 

c. Matter may be changed into energy. 

d. Energy may be changed into matter. 


2-6. Atomic Structure.* As the smallest unit 
of an element, the atom cannot be subdivided 
further by ordinary chemical and physical 
means. However, it can be broken down into 
even smaller particles by particle bombard- 
ment from nuclear reactors and particle ac- 
celerators. These smaller particles—pro- 
tons, neutrons, electrons—which may be 
regarded as building blocks, have been found 
common to all elements. Differences in atom- 
ic makeup are due primarily to different 
combinations of these building blocks. Dif- 
ferent theories have been advanced and im- 
proved upon over the years to explain the 
structure of the atom. Bohr’s theory pro- 
posed in 1913 likens the atom to a miniature 
solar system. According to this concept, a 
positively charged nucleus containing pro- 
tons and neutrons is located in the central 
core (figure 2-2). It contains nearly all the 


*Parts of this paragraph are from The Physical As- 
pects of Diagnostic Radiology by Michel M. Ter-Pogos- 
sian. Copyright 1967 by Harper & Row, Publishers. 
Adapted by permission of the publisher. 
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1 electron in orbit 


1 proton in nucleus 


Hydrogen atom 


Oxygen atom 


8 protons in nucleus 


8 electrons in orbit 


17 protons in nucleus 


17 electrons in orbit 


Chlorine atom 


92 protons in nucleus 


92 electrons in orbit 
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6 protons in nucleus 


6 electrons in orbit 


Carbon atom 


11 protons in nucleus 


11 electrons in orbit 


Sodium atom 






Uranium atom 


Figure 2-2. Atomic Models of Some Common Elements. 


mass (weight) of the atom. Revolving around 
the nucleus are almost weightless orbital 
electrons—planetary particles with nega- 
tive charges. In the stable state called the 
neutral state these negative charges are 
balanced against the positive charges in the 
nucleus. Once this balance in atomic charge 
is disrupted (by the loss or gain of electrical 
charge, for instance), the element is said to 
be ionized. The newer and more accepted 


theory of atomic structure based upon wave 
mechanics treats the electron as a kind of 
three-dimensional cloud spread around the 
nucleus as electron waves. Even though 
Bohr’s concept of the atom with sharply 
defined electron orbits is now replaced by the 
electron cloud theory, the equation devel- 
oped by Bohr on electron activity generally 
agrees with experimental observations. 
Therefore, for our purposes, the Bohr orbit 
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concept will be used as it lends itself more 
effectively to visualization. Though the new 
electron wave theory may explain all known 
phenomena more satisfactorily, it is difficult 
to form a mental picture of what an atom 
might look like. 

a. The Nucleus. The basic particles of the 
nucleus are protons and neutrons. Collec- 
tively, they are called nucleons. 

(1) Protons. Protons are_ positively 
charged particles in the nuclei of atoms. A 
proton has a mass about 1,836 times that of 
an electron. While protons are identical for 
all elements, different elements have their 
own characteristic number of protons. The 
number of protons contained in the atomic 
nucleus 1s the atomic number, represented by 
the symbol Z. The atomic number is also 
equal to the number of electrons in the neu- 
tral atom. It is what identifies a particular 
element and determines its place in the peri- 
odic table. It is usually designated at the 
lower left corner of a chemical symbol for an 
element (that is, 92U). 

(2) Neutrons. Neutrons, as the name 
implies, are electrically neutral particles. A 
neutron has about the same mass as a pro- 
ton. The number of neutrons in the atomic 
nucleus of a given element varies. Nuclear 
stability depends crucially on the number of 
neutrons associated with protons in the nu- 
cleus. The total number of protons and neu- 
trons in the nucleus make up the mass num- 
ber of an element, which is represented by 
the symbol A. It identifies the isotopes of an 
element. It is usually designated at the upper 
left corner of a chemical symbol (that is, 28U). 

b. Extra-Nuclear Structure. 

(1) The orbital electrons that whirl 
around the nucleus in continual motion are 
arranged in shells or energy levels around 
the nucleus. The number of electrons that 
each shell can hold is limited. The innermost 
shell (identified as K) holds only two, but the 
next shell (L) may contain up to eight. For 
elements with more than 10 electrons in their 
atomic structure, a third shell (M) which may 
hold up to 18 electrons is present. 

(2) The maximum number of electrons 
that may fill any Bohr orbital shell may be 
represented by 2n?, where n designates the num- 
ber of the shell. For example, calculations for 
the first, second, and third shells, K, L, and M 
would be 2 X 1? = 2 (K-shell), 2 x 2? = 8 
(L-shell), and 2 & 3? = 18 (M-shell). 

(3) However, as one goes to the elements 
of higher atomic number, additional N, O, P, 
and Q shells are added. These shells may carry 
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no more than 32 electrons (2 * 4° = 32 for the 
N-shell), though they often carry fewer than 
32. In many of these heavier elements, electrons 
are found in an outer shell when a shell closer 
to the nucleus is not completely filled. Take the 
extra-nuclear structure of uranium as an 
example (figure 2-2). Two electrons are found 
in the seventh shell, though the fifth and sixth 
shells are not completely filled. 

(4) In the neutral state, the number of 
orbital electrons is equal to the number of 
positive charges or the number of protons in 
the nucleus. However, in some atoms the 
number of orbiting electrons may be less 
than the number possible for each orbit. In 
figure 2-2, note that the hydrogen atom (the 
nucleus of which contains one proton) has a 
single orbiting electron. The carbon atom 
with a nucleus containing six protons has 
two “shells” of orbiting electrons, with two 
electrons in the inner and four in the outer 
energy level. Also notice that the sodium 
atom has 11 protons in its nucleus and three 
shells of orbiting electrons, with a single 
electron in its outermost shell. 

(5) The use of orbits and shells to de- 
scribe electron position indicates the rela- 
tionship of different electron-energy levels. 
Generally speaking, an atom is most stable 
when its outer shell is completely filled. If 
not, it will tend to react with other elements. 
This concept of interaction of elements will 
be further discussed later in this chapter 
under valence and moiecule formation. 

(6) Electrons are maintained in their 
shells by a combination of centrifugal force, 
which tends to propel them away from the 
nucleus, and an electrostatic force of attrac- 
tion between the positive nucleus and nega- 
tive electrons. Since the electrons are bound 
to the nucleus by electrostatic force, a cer- 
tain amount of energy is required to remove 
an electron from its shell to a point com- 
pletely outside the atom. This is called the 
binding energy of that shell. The binding 
energy of the shell of an atom is greatest in 
the K shell and decreases as the distance of 
the shell from the nucleus increases. For 
example, the binding energies for tungsten 
shells are: K—69.5 keV, L—12 keV, M—2 
keV, and N—.8 keV. Consequently it would 
require at least 69.5 keV of energy, in an 
atom of tungsten, to remove a K electron 
from its shell, at least 12 keV to remove an L 
electron from its shell, and so on. The bind- 
Ing energy 1s important in the production of 
characteristic radiation which is explained 
later in this chapter. 
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(7) The binding energy of a shell, and 
consequently of an electron in that shell 
must not be confused with the potential ener- 
gy possessed by that electron. The potential 
energy possessed by the electrons is least in 
the K shell and increases with distance from 
the nucleus. 

(a) To illustrate the difference be- 
tween binding energy and potential energy 
of the electrons, let’s compare an atom toa 
metal ball and magnet. Suppose the ball 
were permitted to occupy three steps at dif- 
ferent distances from the magnet as illus- 
trated in figure 2-3. The magnetic force be- 
tween the magnet and ball would be similar 
to the force of attraction between the nucle- 
us and an electron, since it is inversely pro- 
portional to the square of the distance be- 
tween the two. Thus the ball on step A would 
be more firmly held (as a K shell electron) 
than the ball in step B (as an L shell elec- 
tron), and corresponding amounts of energy 
would be required to remove them. 

(b) The potential energy of the elec- 
trons is similar to the potential energy of the 
metal balls. The ball on step C has more po- 
tential energy than the ball on step B be- 
cause its position is more elevated. Conse- 
quently if the ball on step C dropped to step 
B, it would release a certain amount of ener- 
gy. Orbiting electrons also release energy in 
the same manner when they drop from a 
higher (potential) energy level to a lower 
energy level. 


2-7. Isotopes. Atoms of the same element hav- 
ing the same atomic number but different mass 
numbers are known as isotopes. Isotopes have 
the same number of protons but a different 
number of neutrons in their nuclei. Conse- 
quently, the various isotopes have different 
atomic weights. Because an element consists of 
a group of isotopes, the atomic weight is an 
average (as noted in the periodic table) and al- 
most never a whole number. For example, ‘zine 
with an tomic number of 30 has an atomic mass 
of 65.38, which is the average of a mixture of its 
five isotopes- -*Zn, Zn, ‘Zn, *Zn, and ™Zn—- 
in definite proportions. The terms atomic 
weight and mass number are often used inter- 
changeably because they are nearly equal to 
each other. The term isotope does not always 
refer to a distinct species of atom. But a nuclide 
does- to a species of atom characterized by its 
nuclear configuration, and hence by the number 
of protons, the number of neutrons, and the 
energy content. We can say that the different 
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isotopes of an element are composed of nuclides 
that have the same atomic number but different 
mass numbers. 





Figure 2-3. Comparison Between Binding 
Energy and Potential Energy of 
Electrons. 


2-8. Valence. The number of electrons in the 
outer shell of an atom determines its va- 
lence. Valence represents the capacity of an 
atom to combine with other atoms to form 
molecules. The hydrogen atom with a valence 
of 1 is the standard used for determining the 
valence of other atoms. Atoms with the same 
number of outer orbital electrons have simi- 
lar chemical and physical characteristics. 
For example, atoms of elements such as lith- 
lum, sodium, and potassium have only one 
electron in their outermost shells (figure 2-4). 
Their valence is +1 because they combine 
with other elements that may lack a single 
electron in the outermost shell. Atoms lack- 
ing one electron to complete their outermost 
orbit are said to have a valence of —1 (figure 
2-5). These give-or-take electrons are called 
valence electrons. 


2-9. Formation of Molecules. Sharing of the 
outer valence electrons often occurs among 
atoms during molecule formation. This shar- 
ing is cemented by three kinds of bonds: the 
ionic or chemical bond, the covalent bond, 
and the hydrogen bond. 

a. Ionic Bond. An ionic bond is formed 
with the direct transfer of an orbital elec- 
tron from one atom to another in an electro- 
static attraction. This type of valence, 
called ionic polar valence, is common to the 
formation of most inorganic compounds. For 
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LITHIUM 


SODIUM 
POTASSIUM 


Figure 2-4. Elements With a Valence of +1. 
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HOLE. FLUORINE 
CHLORINE 


BROMINE 


Figure 2-5. Elements With a Valence of —1. 


example, when a sodium atom and a chlorine 
atom are brought together, the single-va- 
lence electron in the outer shell of the sodium 
atom is transferred to the chlorine atom 
which has a “hole” in its outer shell, and so- 
dium chloride is formed (figure 2-6). 

b. Covalent Bond: 

(1) In contrast, a covalent bond is 
formed by the sharing of valence electrons 
between atoms. A water molecule is an exam- 
ple (figure 2-7). Here one oxygen atom is 
linked to two hydrogen atoms by the single 
electrons of the two hydrogen atoms to form 
a water molecule. Actually the single elec- 
tron from each hydrogen atom is paired with 


- Valence ‘Hole’ in 
electron outer shell 
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a single electron from the oxygen atom in 
this covalent relationship. For part of the 
time, each paired electron can be considered 
as circulating around the hydrogen nucleus, 
and the rest of the time around the oxygen 
nucleus, though slightly more time is spent 
around the electronegative oxygen atom. By 
doing so, both the oxygen and hydrogen at- 
oms have completed shells and establish a 
more stable configuration. 

(2) Another example is a molecule of 
carbon dioxide, which illustrates the double 
covalent bond (figure 2-8). Here two oxygen 
atoms are linked by the four electrons they 
share at each juncture with the carbon atom. 
The eight electrons allowed for the second 
shell of the carbon atom are evenly divided 
in tetrahedral position. 

ce. Hydrogen Bond: 

(1) A hydrogen bond is an attraction 
between molecules that is weaker than ionic 
or covalent bonds. This may be illustrated 
by the intermolecular attraction between 
molecules of water (figure 2-9). In hydrogen 
bonding between water molecules, the un- 
shared electron. pairs in orbit around the 
oxygen atom would be attracted, though less 
strongly, to the hydrogen ions of other water 
molecules. Technically, each water molecule 
has two attached hydrogen atoms (from co- 
valent bonding) and two unshared electron 
pairs, hence our hydrogen bonds can be 
formed. In what seems to be “bridges” be- 
tween oxygen atoms, these hydrogen bonds 
continue in a tetrahedral direction to link 
individual molecules together. 

(2) Long chains of protein molecules 
containing nitrogen and oxygen atoms are 
also held together by hydrogen bonds. It will 
be noticed by now that the chemical reac- 
tions in molecule formation follow a pattern 


lonic bond 


©: © oO © 


CHLORINE SODIUM CHLORIDE 


(valence -1) 


SODIUM 
(valence +1) 


Figure 2-6. Ionic Bond Formed by Interaction Between One Sodium Atom and One Chlorine 
Atom. 
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Figure 2-7. Covalent Bond Between Two Hydrogen Atoms and One Oxygen Atom in Forma- 
tion of Water. 





1 OXYGEN +- 1 CARBON 





—> 1 WATER (H,0O) 


(Valence -2) (Valence -4) 


Covalent bond 








+ 1 OXYGEN 


(Valence -2) 


Ni bond 


1 CARBON DIOXIDE (CO,) 


Figure 2-8. Double Covalent Bond Formed by Interaction of Two Oxygen Atoms With One 


Carbon Atom. 


of definite proportions that may be explained 
by the concept of valence. Sodium chloride is 
always formed by combining one atom of 
sodium with one atom of chlorine, and water 
alwavs by two atoms of hydrogen with one 
atom of oxygen. 


2-10. The Periodic Table. At present, there 
are over 102 known elements which consti- 
tute all matter (see table 2-2). The first 92, 
among them familiar ones, such as sodium, 
hvdrogen, oxygen, chlorine, and nitrogen, 
occur in nature. The last nine of this group, 
from polonium (atomic number &4) on to ura- 


a0)! 


Cov nent bond 


Figure 2-9. 


| bond 


Hydrogen Bond Between Water 
Molecules and Covalent Bond 
Between Two Hydrogen Atoms 
and One Oxygen Atom. 
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nium (atomic number 92), are naturally radi- 
oactive. The transuranic elements consist- 
ing of known elements from neptunium (a- 
tomic number 93) on to lawrencium (atomic 
number 103) are also naturally radioactive, 
but they are short-lived elements produced 
by bombardment. 

a. When these elements are listed accord- 
ing to their ascending atomic weight in an 
orderly series, certain properties recur in 
regular cycles. Originally the periodic table 
contained several irregularities and gaps 
Indicating elements vet to be discovered. 
However, the position of these gaps permit- 
ted predictions about the chemical proper- 
ties and the atomic weight of the missing 
elements which led eventually to their dis- 
covery. The periodic table has now tabulated 
all these elements into seven horizontal per 
ods and nine vertical groups. 

b. The horizontal periods consist of ele- 
ments with different chemical properties, but 
containing the same number of shells around 
the nucleus. The vertical groups are families 
of elements that participate in chemical re- 
action in a similar manner. For example, as 
sodium shares family characteristics with 
lithium and potassium, and chlorine with 


Table 2-2. Periodic Table of the Elements. 
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fluorine and bromine, sodium does react in a 
similar manner with fluorine or bromine to 
form sodium fluoride or sodium bromide. The 
same holds true for lithtum and potassium. 


2-11. Radioactivity. The spontaneous disinte- 
gration of radioactive substances, in which 
the atomic nuclei undergo partial breakdown 
and give off penetrating radiation at the 
same time, is described as radioactivity. It is 
a natural property of all existing elements 
with atomic numbers above 83. It is also pos- 
sible to induce this property in all other 
known elements. 

a. A factor contributing to nuclear disin- 
tegration in radioelements is the instability 
of their atomic nuclei. For these elements to 
reach a more stable or less energetic state, 
excess energy in the form of alpha, beta, or 
gamma radiation is released. This nuclear 
instability may occur from the natural con- 
figuration of the atoms of the element or it 
may be manmade. 

b. Natural radioactivity, in which the nu- 
clear disintegration is spontaneous, is exhib- 
ited in certain naturally occurring elements, 
such as radium. Artificial radioactivity is 
brought about by bombarding the atomic 


The atomic weight is noted above each element; the atomic number, at lower left; and the number of stable isotopes, at lower right. 
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2-10 


nucleus with various subatomic particles, 
such as the alpha and beta particles, the 
proton (nucleus of the hydrogen atom), the 
neutron, and the deuteron (nucleus of the 
deuterium atom), which are most commonly 
used. However, the relatively small size of 
the atomic nucleus makes bombardment ex- 
tremely difficult. To produce artificial ra- 
dioactivity, the bombarding subatomic par- 
ticle must deliver a direct hit to the atomic 
nucleus. With the proper bombardment tech- 
nique, any stable atom or element can be 
made radioactive bv man. . 

c. The radiation emitted with atomic nu- 
clei disintegration may be in the form of par- 
ticulate or corpuscular radiation, or electro- 
magnetic waves. The corpuscular radiations 
are the alpha and beta particles. The electro- 
magnetic radiations include gamma radia- 
tion and X-radiation. Gamma radiation 1s 
emitted directly from the nucleus while X- 
radiation is produced as a by product of 
atomic disintegration by interaction with 
orbital electrons. 


Table 2-3. Alpha Particle Characteristics. 





Symbol 


fi 









He (+) 


(2) Beta: 

(a) A beta particle is an extremely high 
speed electron (neyative beta, _‘e) or positron 
(positive beta, ,/e), which is ejected from the 
nucleus of a disintegrating atom. Electrons 
emitted from the nucleus probably result from 
spontaneous conversion of a neutron into a pro- 
ton and an electron, as the atomic nucleus or- 
dinarily does not contain free electrons. Except 
for its speed and origin, the electron is identical 
to the electrons that orbit about the nucleus of 
atoms. As a result of the neutron split which 
ejects an electron and retains a proton, the Z 
number of the element is increased by an addi- 
tion of one, but its A number remains the same. 
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(1) Alpha. The alpha particle is a stable 
combination of two protons and two neu- 
trons, the same composition as the nucleus 
of the helium atom. When an element emits 
an alpha particle during nuclear disintegra- 
tion, the particle is traveling at speeds of 
9,000 to 20,000 miles per second, but it is 
slowed down rapidly in its passage through 
matter. 

(a) Eventually, the alpha particle, 
which has a positive charge of +2, passes 
through matter causing many ion pairs by 
attracting the outer orbital electrons. The 
alpha particle becomes a stable helium atom 
when it has annexed two electrons. The Z 
number and A number of the nucleus of the 
element that gives up the alpha particle are 
reduced by 2 and 4, respectively. See figure 2- 
10. 

(b) An alpha particle also has an ex- 
tremely high ionizing ability. It may cause 
some skin damage, and internally, it is the 
most dangerous of all radiations. Some al- 
pha particle characteristics are shown in 
table 2-3. 






9 ,000- 2-8 cm 








20,000 in air 


miles/sec 


See figure 2-11. 

(b) In relation to the alpha particle, 
the beta particle has a smaller mass and 
travels at a much higher speed, almost as 
fast as hight. Because of this, the beta parti- 
cle exerts less force for a shorter period of 
time on the atoms of material through which 
it passes. Thus its ionizing ability is less 
than that of an alpha particle, though its 
range is greater. These factors normally 
make beta emitters a less serious internal 
hazard than alpha emitters. However, since 
the beta particle can penetrate skin and 
damage living cells, the beta emitter can 
create an external hazard. Some beta (elec- 
tron) characteristics are shown in table 2-4. 
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Figure 2-10. Alpha Particle Emission From Uranium 238. 


(3) Gamma. Gamma radiation is identi- 
cal to X-radiation except for its origin and 
method of production. It can be considered as 
bundles of pure energy (photons) generally 
expressed in keV or MeV. Some gamma ra- 
diation characteristics are shown in table 2- 


(a) Gamma _ radiation results when 
protons and neutrons are rearranged in the 
nucleus of the unstable atom without emis- 
sion of a particle. Because the components 
are found with different energies in different 
nuclear configurations, energy is released in 
the form of electromagnetic waves called 
gamma rays when the components are rear- 
ranged. Gamma radiation sometimes accom- 
panies beta and alpha emission. 

(b) Since the emission energy of gam- 
ma radiation is usually measured in MeV, 
the wavelengths are extremely short, and 
the radiation is the most highly penetrating. 
The A and Z numbers undergo no change in 
gamma emission. Gamma emission only af- 
fects the involved nucleus, which is left with 
less energy. See figure 2-12. 

(4) Half-Life. Half-life is the time re- 
quired for a given quantity of radioactive 
substance to disintegrate until one-half of 
its initial activity remains. For example, 
radium decays at such a rate that an initial 
amount of radium will decay to one-half its 


Table 2-4. 


value in about 1600 years. Thus starting 
with 1 gram of radium, we will find its value 
to be only 0.5 gm after 1600 years. After 
another 1600 vears, it will be only 0.25 gm in 
value. The other 0.75 gm will have been con- 
verted into daughter products of the decay 
family. 

(a) Applied to dose rate, the concept of 
half-life takes on a new meaning. That is, the 
half-life of any radioactive nuclide is the 
time required for the dose rate from a sample 
of that nuclide to drop to one-half its initial 
value. 


Example: A cobalt-60 (§$Co) source is used 
in a laboratory for calibrating radiace instru- 
ments. A reading taken today at 10 feet from 
this source shows a dose rate of 100 mrad /hr. 
(The half-life of cobalt-60 is 5 years). If all 
readings are taken at the same distance from 
the source, what would be the dose rate ob- 
tained 5 years from today? Obviously, the dose 
rate obtained would be 50 mrad /hr. Ten years 
from now, the dose rate would be 25 mrad /hr. 
Fifteen years from now, it would be 12.5 
mrad /hr. 


(b) Half-life values among nuclides 
will vary, froma fraction of a second for one 
to several billion years for another. Each 
radioactive element has its own half-life. 


Beta Particle (Electron) Characteristics. 


symbol 


1 high-speed 


electron 





100 ,000- 1 cm in tissue 


186 ,000 


miles/sec Considerable 


distance in air 
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Beta Particle (Electron) Emission From Thorium 234. 
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Figure 2-12. Gamma Radiation From Lead 204. 


2-12. X-Radiation.* X-radiation (X-rays) and 
gamma radiation are identical to each other 
except for their origin and method of produc- 
tion. X-radiation is the result of the conver- 
sion of either the kinetic or potential energy 
of electrons into another form of energy 
while gamma radiation is emitted from radi- 
oactive nuclei. Some characteristics of X- 
radiation are shown in table 2-6. X-radiation 
is produced by radiative interactions of elec- 
trons with matter and collisional interac- 
tions of electrons with matter. 

a. Radiative Interactions. When an elec- 
tron (which is negatively charged) approach- 


*Parts of this paragraph are from The Physical As- 
pects of Diagnostic Radiology by Michel M. Ter-Pogos- 
sian. Copyright 1967 by Harper & Row, Publishers. 
Adapted by permission of the publisher. 


Table 2-5. Gamma Radiation Characteristics. 


Symbol Charge 








- 


(Less ‘excited’ state) 


es the nucleus (which is positively charged), 
it may be deflected from its original direction 
by the attractive force of the nucleus. The 
change of direction causes deceleration of 
the electron or a loss of some of its kinetic 
energy. The energy lost by the electron is 
given off as an X-ray photon. This process is 
referred to as radiative interaction of an 
electron with matter. The radiation pro- 
duced by this type of interaction is called 
Bremsstrahlung (German for braking radia- 
tion), general radiation, or white radiation. 
The energy of the resultant photon depends 
upon: (1) the original kinetic energy of the 
electron, (2) how close the electron comes to 
the nucleus, and (3) the charge of the nucle- 
US. 

(1) Figure 2-13 shows two separate ra- 
diative interactions. The two electrons A and 
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Figure 2-13. Radiative Interactions Show- 
ing How Electron Proximity to 
the Nucleus Affects Photon 
Energy. 


B have been deflected from their original 
direction by the attractive force of the nu- 
cleus. The wavy lines represent the emitted 
X-ray photons. NOTE: Electron A which 
passed closer to the nucleus had its original 
direction deflected more than electron B. If 
the original kinetic energy of both electrons 
had been equal, the photon Al would have 
more energy than the photon B1, because of 
greater deceleration of electron A. 

(2) Since in this type of interaction the 
electron loses only a portion of its kinetic 


Table 2-6. X-radiation Characteristics. 





Syabor 


X Pure energy 
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energy, it may have one or more interactions 
with other atoms before expending all its 
energy. In this manner it could produce sev- 
eral photons with various energies. Figure 2- 
14 shows how two electrons might interact 
with more than one atom to produce photons 
with a wide range of energies. Assume the 
two electrons El and E2 entering the illus- 
tration from the left each possess 100 keV of 
kinetic energy. The first interaction of F1 
results in it losing 5 keV of energy which is 
given off as a5 keV photon. E1 continues (its 
energy now reduced to 95 keV) to interact 
with another atom and this time loses 30 keV 
of energy, which is given off as a 30 keV pho- 
ton. E1 now has 65 keV of energy remaining, 
and it interacts once again when it loses 60 
keV of energy given off as a 60 keV photon. 
E2 has interacted with two atoms and lost 15 
and 80 keV respectively, given off as 15 and 
80 keV photons. Five photons with energies 
of 5, 15, 30, 60, and 80 keV were generated by 
the actions of two electrons. If millions of 
electrons interacted with millions of atoms 
in this manner, one could see the wide range 
of photon energies that would be generated. 

(3) An electron, as well as being deceler- 
ated near the nucleus, may also collide with 
the nucleus. In this case, in the collision the 
electron loses all its energy, which is given 
off as a photon. The energy of the photon 
would be equal to that of the electron. Figure 
2-15 shows an interaction of this type. If the 
electron shown possessed 100 keV of energy, 
the resultant photon would also have 100 
keV of energy. 

(4) A beam of Bremsstrahlung radiation 
shows a continuous energy range from a 
very low energy to the maximum energy pos- 
sessed by the electrons. The energy spectrum 
produced by 100 keV electrons in tungsten 1s 
illustrated in figure 2-16. 

b. Collisional Interactions. The discussion 
to this point has demonstrated how X-rays 
are generated when electrons interact with 
the nucleus of an atom. X-rays are also gen- 
erated when electrons interact with tightly 






186,000 Range in tissue 












miles/sec depends upon 





its energy 





2-14 





Ske’ Photon 


1SkeV Pheton 


Figure 2-14. Multiple Radiative Interactions. 


bound orbital electrons. This is called colli- 
sional interaction of an electron with matter 
and produces characteristic or line radia- 
tion. In the interaction, an approaching elec- 
tron has a collision with a tightly bound or- 
bital electron ‘such as an electron in the K 
shell of an atom of tungsten. (See figure 2- 
17.) As a result of the collision the K electron 
is ejected from its shell, and energy is ab- 
sorbed by the atom equal! to the binding ener- 
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BOkeV Photon 


gy of the shell. The atom is left in an excited 
state or with an excess of energy and an elec- 
tron vacancy in a shell. Immediately after 
excitation the atom returns to a normal 
state by emitting the energy it has absorbed 
in the form of X-ray photons. It does this as 
follows. Another electron such as from the L 
shell, fills the vacancy. Since the potential 
energy of an electron in the L shell is higher 
than that of an electron in the K shell, the L 
electron loses energy in the transition. The 
energy lost is equal to the difference in the 
binding energies of the K and L shell and is 
given off as an X-ray photon. 

(1) Although a photon has been emitted, 
the process is not yet completed because 
there is now a vacancy inthe L shell, and the 
atom still has an excess of energy. This va- 
cancy is also immediately filled by another 
electron such as one from the M shell, and 
another photon 1s emitted equal to the ener- 
ey of the difference of the transition. This 
chain reaction continues with a photon given 
off for each eleetron transition, until the 
atom has no shell vacancies and againis Ina 
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Figure 2-16. X-radiation Spectrum, Brems- 
strahlung, Produced by 100 keV 
Electrons in Tungsten. 





Figure 2-17. Collision of an Electron With a 
K Shell Orbital Electron. 


normal state. (The vacancy in the last shell 
is filled by a free electron.) Figure 2-18 shows 
an atom of tungsten with only the K, L, and 
M shells demonstrated. The binding energy 
of tungsten’s K, L, and M shells are 69.5, 12, 
and 2 keV, respectively. In the top illustra- 
tion the impinging electron has collided with 
and ejected a K electron from its shell and 
both electrons are seen leaving the vicinity 
of the atom. In the bottom illustration as the 
electron transitions take place, two photons 
are emitted with energies of 57.5 keV (the 
difference in binding energies of the K and L 
Shells) and 10 keV (the difference in binding 
energies of the L and M Shells). 
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(2) When a K shell electron is ejected, 
the vacancy need not be filled from the L 
shell. It can be filled from any shell with a 
higher potential energy level or even from 
outside the atom. In any case the emitted 
photon is always equal to the energy of the 
difference of the transition. The combined 
energies of the photons from a collisional 
interaction is equal to the binding energy of 


_ the shell from which the electron was ejected 


because that amount of energy was initially 
absorbed by the atom. The maximum energy 
of a photon cannot be greater than the bind- 
ing energy of the K shell of the atom under 
consideration or in the case of tungsten 69.5 
keV. 

(3) The radiation produced in a collision- 
al interaction is called characteristic radia- 
tion because its energy is characteristic of 
the shell of the atom from which it came. The 
binding energy of the K shell in copper is 9 
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Figure 2-18. Production of Characteristic 
X-ray Photons. 
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keV; therefore, the maximum energy of char- 2-13. The Electromagnetic Spectrum. Gamma <q 
acteristic radiation that could be generated _ radiation and X-radiation are two types of 
in copper would be9 keV, anamount whichis electromagnetic radiation that make up the 
not usable in radiology. Tungsten, however, electromagnetic spectrum illustrated in 
as stated before can generate characteristic figure 2-20. Notice that visible light waves 
radiation with a maximum energy level of and radio and television waves are also elec- 
69.5 keV, some of which can be useful in ra- tromagnetic radiation. The main difference 
diology. between visible light and X-radiation is in 

(4) In order for characteristic radiation their wavelength and consequently their 
to be generated at all an electron must be energy. | 
ejected from its shell. The energy required to i Sears 
remove an electron from its shell 1s equal to 7 
or greater than the binding energy of the 
shell. Since the binding energy of tungsten’s 
K shell is 69.5, it would require an electron 
with at least 69.5 keV of energy to eject the 
K electron, and therefore generate useful 
characteristic radiation from tungsten. It 
should be noted at this time that 12 keV of 
electron energy would eject an L electron 
from tungsten, thereby producing charac- 
teristic radiation. However, this radiation’s 
maximum energy would be 12 keV, which is 
not considered useful in radiology. O 10 20 30 40 50 60 70 80 90 100 

(5) Figure 2-19 shows tungsten’s char- Photon Energy in keV 
sper leat ce anal atta oe the Figure 2-19. X-ray Spectrum From Tung- 
continuous X-ray spectrum of tungsten’s sten Showing Superimposition 






Number of Photons 
(Arbitrary Units) 






Binding Energy 
? 


Bremsstrahlung radiation. of Characteristic Radiation é 


Over Bremsstrahlung Radia- 
tion. 


WAVELENGTH A ANGSTROM UNITS 

















10” 10° 10° 10° 10° 10° 16" 10° 10° 10° 10" 10° 16° 160° 10° 10° 10 1 10° 107 10° 10° 10° 10° 
60 10° 10” 10" 10” 
CYCLES SEC. CYCLES'SEC. | CYCLES /SEC. CYCLES SEC. CYCLES SEC. 
- 2 & —- GAMMA COSMIC 
POWER 5 

ee ~~ 
ULTRA \ 
~~ < A 
‘ . VIOLET Wedes 
HERTZIAN Ne 
RADIO, TELEVISION, RADAR an 
INDUCTION J 
HEATING 
10°" 10° 10 10" 10% 107 10° 10° 10° 10° 10°) 10° A\ 10° 10" 10 


0 10 
ENERGY ELECTRON VOLTS ase, a 
iis [game wwe cen 7 


Figure 2-20. The Electromagnetic Spectrum. 
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Chapter 3 | 
RADIATION PROTECTION 


SECTION. A—INTERACTION OF PHO- 
TONS WITH MATTER 


3-1. Introduction. The definition of the term 
interaction is quite simple: one force or body 
having a measurable effect on another force 
or body. One can see daily evidence of inter- 
action: in a bowling alley, at the lake watch- 
ing a Sailboat, or on the job in the many uses 
of electrical transformers. The interaction 
that the radiologic technologist must fully 
understand is that which takes place when a 
beam of X-ray photons passes through any- 
thing having mass and occupying space, or 
more simply, matter. An X-ray beam, con- 
sisting of photons of pure energy, transfers 
its energy to the matter through which it is 
passing, whether it be air, an X-ray film, or 
the living tissues of the radiologic technolo- 
gist or the patient. This transfer of energy is 
not as simple as that seen in bowling, sail- 
ing, or electric transformers; it involves the 
X-ray photons, which cannot be seen, heard, 
felt, or detected with the normal senses; and, 
in many cases the interaction itself is not 
immediately evident without complicated 
devices to detect these events. Some, if not 
all, of the X-ray energy seems to disappear 
in certain materials. The term which best 
describes this phenomenon is absorption. 
Absorption is the process by which an X-ray 
photon transfers its inherent energy to the 
medium through which it is passing. Some 
results of this absorption are: (1) chemical 
changes in film emulsion, (2) electrical 
changes in a radiation detection instrument, 
and (3) biological changes in living tissue. 


3-2. Ionization. The changes mentioned in the 
preceding paragraph are all brought about 
by a process known as ionization: Ionization 
can be defined as any process which results 
in the removal or addition of an orbital elec- 
tron from or to an atom or molecule, thereby 
leaving the atom or molecule with an overall! 
positive or negative charge. Ionization can 
occur when an electron is struck by a pho- 
ton, at which time an energy transfer will 
take place. Although it is technically possi- 
ble for this energy transfer to take place in 
the nucleus, the chances for a photon reach- 
ing that vicinity are extremely remote. After 
an ionizing event occurs, the remaining par- 
ticles are called a pair of ions (in the case of 
electron removal). The parent atom (minus 


an electron) has an overall positive charge 
and is known as a positive ion. The ejected 
electron has a negative charge and is known 
as a negative ion. This process of ionization 
is illustrated in figure 3-1. Radiation is meas- 
ured by the number of ion pairs it causes. 
The amount of radiation that causes approx- 
imately two billion pairs of ions to be formed 
in one cubic centimeter of air (at normal 
pressure/temperature) is known as_ one 
roentgen (R). The two types of ionization 
that most generally occur in the diagnostic 
radiation energy range are the photoelectric 


effect and the Compton effect. 


(—) PHOTON 





HYDROGEN aTOm 1ON Pain 


Figure 3-1. Ionization. 


a. Photoelectric Effect. The photoelectric 
effect, illustrated in figure 3-2, is an all-or- 
none energy exchange in that the photon 


- imparts all of its energy to the electron and 


simply vanishes. The ejected electron, called 
a photoelectron, departs with all the inher- 
ent energy of the photon and can cause sec- 
ondary ionization due to its increased kinetic 
energy. In the meantime, as the excited atom 
returns to the normal state, it quickly at- 
tracts another electron to fill the vacant 
“hole’’, and radiation is emitted. The energy 
of the radiation and the sequence of events 
that causes the radiation is much the same 
as the replenishment of an electron shell 
vacancy created by the ejection of an elec- 
tron by electron collision as explained in 
chapter 2. The photoelectric effect normally 
occurs with photon energies up to 100 keV. 

b. Compton Effect. The Compton effect 
also referred to as modified, or incoherent 
scattering, is the result of a partial transfer 
of energy from an X-ray photon to an orbital 
electron as seen in figure 3-3. In this case the 
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Figure 3-2. Photoelectric Effect. 
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Figure 3-3. Compton Effect. 


photon strikes a glancing blow to the elec- 
tron and ejects it from orbit. Although consi- 
derably weakened in energy (longer wave- 
length), the photon will continue on. While 
the now “soft” photon will eventually disap- 
pear via a final photoelectric effect, the 
ejected electron can, as In the previous case, 
continue on to cause another, or secondary, 
ionization of a nearby atom. In contrast to 
the photoelectric effect, the Compton effect 
is predominant with highly energetic X-rays 
or inthe 100 keV to 10 MeV energy range. 


3-3. Other Interactions. X-ray photons also 
undergo other interactions in matter. Two of 
them are described briefly here although 
they do not occur with photons in the diag- 
nostic energy range. 

a. Thomson Effect. The Thomson effect, 
also known as unmodified, classical, and co- 
herent scattering, is the result of a photon 
interacting with a whole atom as shown in 
figure 3-4. This interaction results in the 
deflection or scattering of the photon from 
its original direction without a loss of ener- 
ey to the atom. The Thomson effect occurs 





P-5119 1 August 1974 
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with photons of only a few kiloelectron volts 
of energy. 

b. Pair Production. For gamma and X-ra- 
diation photons of energies greater than 
1.02 MeV, pair production occurs. At such 
energy levels, it is possible that all three in- | 
teractions can take place in a matter of mi- 
croseconds. But pair production 1s predomi- 
nant among photons with energy in the 5 to 
12 MeV range. Only when a high-energy pho- 
ton passes very close to the nucleus of a ¢ 
heavy atom, can it interact with the electric 
and magnetic fields in such a way that the 
photon or part of its energy is converted at 
the same instant into two particles—an elec- 
tron and a positron of equal mass and elec- 
trical charge (magnitude). Thus, for this 
conversion into mass, a photon energy of 
1.02 MeV is required. The electron, acting 
like a beta particle can cause ionization in 
its path, and may end up as a free electron. 


ae PHOTON WITH 


SAME ENERGY 





S ¢ 


Figure 3-4. Thomson Effect. 
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The positron, acting as an alpha particle, 
can also cause lonization in its path. Howev- 
er, the positron, once formed, has a very 
short life. After losing its speed (energy) by 
collision and ionizing atoms of matter, the 
positron undergoes a unique and final inter- 
action with an electron by uniting and anni- 
hilating each other to give off two (gamma 
ray) 0.511 MeV photons. These new photons 
may produce further ionizations by photo- 
electric effect or by Compton’s effect. 


SECTION B—DETECTION AND MEA- 
SUREMENT 


3-4. Introduction. Since none of the five sen- 
ses can detect the presence of X-radiation, 
indirect methods must be employed. Al- 
though the ionizing capability is harmful, 
and in some cases deadly, to living tissue, it 
is this same ability which is used to provide 
detection through two means: (1) chemical 
changes, and (2) electrical changes. 

a. Chemical Change. Radiologic technolo- 
gists are familiar with one of the benefits of 
chemical change. The ionization of silver 
bromide crystals in film emulsion causes a 
chemical change such that those crystals 
will reduce to black metallic silver when ex- 
posed to developing chemicals. The un-ion- 
ized crystals remain chemically inert to the 
developer and are removed during the fixing 
and clearing process. Thus the degree of 
darkening on a film badge, when processed 
under controlled conditions, 1s used to deter- 
mine the quantity or total dose of radiation 
received by the wearer. 

b. Electrical Change. The . electrical 
changes brought about by the ionization 
process are also useful in detecting the pres- 
ence of X-radiation. It is possible to detect 
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Figure 3-5. Ion Chamber. 
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and measure radiation from the number of 
freed electrons since an X-ray beam will 
provide a large number of such electrons 
where there was essentially none before. 


3-5. Total Dose and Dose Rate. Total dose, 
and dose rate, are two terms that must be 
clearly understood before continuing with 
the detection and measurement of X-radia- 
tion. Total dose is the total amount of radia- 
tion received, such as 50 R, with no indica- 
tion of the time during which it was received. 
It may have been 1 minute or spread out over 
1 year. As the dose gets larger, this time ele- 
ment becomes extremely critical, and in the 
case of a careless radiologic technologist, 
perhaps even deadly. Therefore it is neces- 
sary to be able to discuss radiation doses in 
terms of the rate at which they are being 
received. Dose rate is the amount of radia- 
tion received per unit time such as 50 R per 
hour (50 R/hr). A dose rate of 100 R/min for 4 
minutes would result in a total dose of 400 R. 


3-6. lon Chamber. An 1on chamber illustrated 
in figure 3-5 is an example of an instrument 
that measures radiation dose rate. By apply- 
ing a difference in potential across the cham- 
ber, to cause movement of the free electrons, 
the rate of current flow would then reflect 
the amount of radiation striking the cham- 
ber. The instrument can be calibrated by 
using a known quantity of radiation. Figure 
3-5A shows no reading on the meter because 
there is no ionization (no electrons being 
freed); consequently, there is no electron 
flow. In figure 3-5B ionization is taking place 
(electrons are being freed) and the applica- 
tion of a potential difference is causing elec- 
tron flow which results in a reading on the 
meter. The meter of course would be cali- 
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brated in roentgens, or some other units. 


Two examples of instruments used to meas- - 


ure radiation in this manner are the Geiger- 
Mueller Counter and the Jordan Ion Cham- 
ber. — 


3-7. Film Badge. The film badge is an example 
of a total dose detector. It is the device most 
commonly used to detect and measure occu- 
pational radiation exposures. Precise proce- 
dures concerning wearing and maintenance 
of film badges can be found in the appropri- 
ate directives for each service. 

a. A film badge consists of a film packet in 
a film holder usually constructed of plastic 
or metal. In the film packet are two pieces of 
photographic film. One has a double emul- 
sion, and one has emulsion on one side only. 
The single emulsion is of prime importance 
when loading the film holder. The film may 
contain only an X-ray sensitive emulsion, or 
it may be sensitive to X-rays, gamma rays, 
and beta particles. Special films are availa- 
ble ta detect and measure neutrons. 

b. The film responds to radiation exactly 
as does radiographic film; ionization occurs 
within the emulsion layer, bringing about a 
chemical sensitivity to developer solution in 
those silver bromide crystals so ionized. 
Radiation dosage is then determined by the 
film density. Processing is carried out under 
extremely controlled conditions by a central 
agency to insure accurate and constant re- 
sults. 

ce. The film badge should be worn accord- 
ing to the previously mentioned directives, 
so refer to them for guidance. Generally it is 


worn on an area of the body expected to re- - 


ceive the highest exposure such as the chest. 
(Occasionally it may be advisable to wear an 
additional film badge to determine local ex- 
posure. An example would be a wrist badge 
worn by a radiologist during fluoroscopy to 
check exposure to that area.) The film badge 
should not be carried in a pocket, or behind 
any obstruction such as coins, combs, or cig- 
arette packages as they tend to absorb ra- 
diation and reduce the ultimate density read- 
ing of the film. Wearing of the film badge in 
conjunction with a protective apron is de- 
scribed in the appropriate directive. Tech- 
nologists should avoid receiving a direct 
exposure of X-rays while wearing the film 
badge, such as when undergoing diagnostic 
or therapeutic X-ray exposure themselves. 
This is because X-ray exposure in those 1n- 
stances is not to be included inthe maximum 
permissible dose. In addition, direct expo- 
sures make it difficult to obtain a true densi- 
ty reading. Film badges should also be pro- 
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tected against direct sunlight to prevent 
thermal sensitization and possible light 
leaks in the wrapping paper. 

d. When not in use, film badges should be 
stored in a radiation-free area along with a 
control film badge. The purpose of the con- 
trol film badge is to permit the lahoratory 
responsible for processing and evaluating 
the film badge to take into account such fac- 
tors as background radiation, temperature 
variations, et cetera, that would otherwise 
be recorded as an occupational exposure. 

e. When an overexposure is indicated ona 
film, an investigation is conducted to see if 
the exposure was indeed accidental or if it 
was the result of a deliberate act or careless- 
ness. Some of the most common causes of 
overexposure are: 

(1) Deliberate exposure of the film 
badge. 

(2) Improper storage of the film badge. 

(3) Failure of the individual to utilize 
protective shielding. 

(4) Improper working techniques. 

(5) Inadequate or defective radiation 
shielding. 

(6) Unintentional wear of the film badge 
while receiving diagnostic or therapeutic X- 
rays. | 

(7) Failure on the part of the submitting 
installation to identify the questionable film 
packet as having been used for nonroutine 
recording of radiation exposure. 

f. Improper use of film badges results in 
misleading reports and waste of time and 
money in unnecessary investigations. Film 
badge programs are designed to provide ra- 
diation workers with a means for detecting 
accidental exposure to radiation in order 
that they can be provided with medical treat- 
ment if necessary. It behooves technologists 
to wear the film badge when appropriate to 
do so and take required measures to insure 
the success of the film badge dosimetry pro- 
gram. 


~ SECTION C—SHIELDING 


3-8. Introduction. Shielding is the intentional 
use of materials of various densities to limit, 
control, or modify the electromagnetic ener- 
gy output of an X-ray tube. To understand 
the effects of shielding and therefore be able 
to take advantage of it as a radiation pro- 
tection tool, it is necessary to review certain 
facts about X-ray photon interaction with 
matter. Photon energy is lost by many dif- 
ferent methods with photoelectric and Comp- 
ton effeets being the two predominant in the 
wavelengths associated with medical X-rays. 
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As X-ray photons travel through an absorb- 
er, the amount of reduction, or attenuation 
is determined by three important factors: (1) 
the energy of the photons, (2) the atomic 
mass of the absorbing material, and (3) the 
thickness of the absorbing material. NOTE: 
Half-value layer is described in chapter 15. 


3-9. Inverse Square Law. Distance from the 
X-ray source is a highly effective method of 
reducing the intensity of an X-ray beam. 
This can be expressed in the inverse square 
law which states that the X- or gamma-ra- 
diation intensity from a point source varies 
inversely with the square of the distance 
from the source. Expressed mathematically, 
the inverse square is: 





I, — (D2y 
I,  (D,)? 
where 
I, = intensity at original distance. 
I, = intensity at new distance. 
D, = original distance. 
D, = new distance. 


Suppose the intensity of an X-ray beam was 
100 R/min at a distance of 2 feet from the X- 
ray tube; what would the new intensity be at 
a distance of 4 feet? By substituting the 
data from the above problem into the formu- 
la the new intensity can be found as follows: 





100 _ (4) 
I, (2)? 
100 _ 16 
I, 4 
100 
—- = 4 
I, 
100 
a 
I, = 25 R/min 


By doubling the distance from the X-ray 
tube the intensity of the beam can be reduced 
to one-fourth its original value—100 R/min 
to 25 R/min. This is an impressive reduction 
in intensity, which can be used to advantage 
by the technologist in keeping his exposure 
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to radiation to the barest minimum. As stat- 
ed in the definition of the inverse square law, 
the formula is applicable only to radiation 
from a point source such as the target in an 
X-ray tube. 


3-10. Photon Energy Factor. A factor that 
influences photon absorption or beam atten- 
uation Is the energy level of the photons. The 
higher the photon energy, the more penetrat- 
ing is the X-ray beam, regardless of the ma- 
terial used for shielding. As kVp is in- 
creased, photon energy is increased, thereby 
causing more penetration. Figure 3-6 shows 
three blocks of absorbing material. As can 
be seen, more of the high energy photons 
penetrate the absorber than do the lower 
energy photons. 


3-11. Absorber Density. A characteristic of 
an absorber which determines its ability to 
absorb radiation is atomic density. The more 
closely packed the atoms, the greater is the 
probability for photon/electron interaction 
to take place. Figure 3-7 shows two pieces of 
absorbing material, wood and lead. Both are 
of equal thickness but the lead will cause 
greater attenuation because of its higher 
density. Due to its density, lead is an excel- 
lent shielding material and is widely used in 
and around radiology departments. The 
shielding equivalency of some common 
shielding materials as compared to lead are 
shown in figure 3-8. 


3-12. Absorber Thickness. Another factor 
which influences attenuation is the thickness 
of the absorbing material. If photon energy 
and absorber density remain constant, then 
further attenuation can be accomplished by 
simply adding more absorber material. In 
other words, if 6 inches of concrete is good, 
then 12 inches is better. Figure 3-9 shows 
three blocks of concrete of different thick- 
ness with each being subjected to X-ray 
beams having the same photon energy. At- 
tenuation is greatest with the thickest block 
of concrete. 


SECTION D—CELLULAR CONCEPTS 


3-13. Introduction. The careless use of X-ra- 
diation can incapacitate, disfigure, or even 
produce death. Since the radiologic technolo- 
gist plays such a vital role in reducing radia- 
tion exposure to himself as well as to his pa- 
tients, it is necessary for him to be knowl- 
edgeable of the concepts involved. This sec- 
tion describes cell structure and activity, 
how radiation can affect the cell, and the 
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Figure 3-6. Effect of Photon Energy on Absorption. 
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Figure 3-7. Effect of Absorber Density on Absorption. 


variation in radiosensitivity of different 


cells. 


3-14. Life Cycle of a Cell. Reproduction, mat- 
uration, and death are the three phases in 
the life cycle of a cell. Reproduction is the 
process of a cell subdividing and producing 
another cell. As an adult cell subdivides, it 
gives to its offspring the same operating in- 
structions it had. This second cell then ma- 
tures and functions in accordance with the 
operating instructions it received from its 
parent. Finally, the adult cell wears out and 
dies; its role is assumed by the offspring. 
Life span is the total life cvele of a cell and is 
peculiar to each variety of cell. Some exam- 
pies of varying life spans are: (1) lympho- 
eytes— to 12 hours, (2) intestinal epithelial 
celis—2 to 4 days, and (3) erythrocytes—120 
to 140 days. The recurring life eyele provides 
constant tissue repair and growth for the 
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Figure 3-9. Effect of Absorber Thickness on Absorption. 


body. However, if radiation alters this life 
cycle or span, then the cell cannot function 
correctly. 


3-15. Classification of Cells. Cells are classi- 
fied as somatic or gonadal. Differentiation 
between these varieties 1s essential to anv 
discussion of radiation biology since there 
are distinct effects, depending upon which 
tvpe of cell is affected. 

a. Somatic Cells. Somatic cells are those 
of a specific individual tissue such as heart, 
lung, or liver. Their functions provide life 
for an individual. Somatic cells pass on to 
their offspring operating instructions to act 
like they themselves acted. 

b. Gonadal Cells. Gonadal cells insure a 
species’ continuance. When creating a new 
member of the species, the operating or ge- 
netic instructions of two cells interweave, 
add, subtract, and modify. If either cell has 
been previously modified, it cannot pass on 
the genetic instructions it is supposed to. 


3-16. Deoxyribonucleic Acid and Ribonucleic 
Acid. All cells have one common and extreme- 
ly vital characteristic: they pass on to their 
daughter cells operating instructions which 
are extremely detailed, highly complex, and 
an exact duplicate of the instructions they 
received from their parent cells. Deoxyribon- 
ucleic acid (DNA) and ribonucleic acid (RNA) 
are the blueprints for cell reproduction. 

a. DNA Molecule. The DNA molecule is a 
double helix which has two important func- 
tions—replication and controlling cellular 
activities. The fundamental unit of DNA is 
the nucleotide, consisting of a phosphate 
group, a 5-carbon sugar, and a nitrogen 
base. There are four nitrogen bases found in 
DNA—guanine, cytosine, adenine, and thy- 
mine. They are shown in figure 3-10 with dif- 
ferent shapes for illustrative purposes. Note 
in figure 3-11 that one end of each nitrogen 
base is identical to the others and that it fits 
the 5-carbon sugar perfectly but it will not 
fit the phosphate group. Also note the nitro- 
gen bases fit each other only in specific com- 
binations, guanine with cytosine and ade- 
nine with thymine. 


THYMINE 


Figure 3-10. 4 Nitrogen Bases Found in 
DNA. 


A) = 2685 


8 gy, 


172s 


Figure 3-11. Connection of Sugar (A), Phos- 
phate (B), and Nitrogen Bases (C). 


(1) The four nitrogen bases constitute 
the genetic alphabet. They form the blue- 
prints for cell reproduction and are the 
building blocks of life. Figure 3-12 is an 
example of an unwound DNA molecule. No- 
tice that the sugar phosphate chain forms 
the sides of the ladder and various combina- 
tions of the nitrogen bases are the rungs. 
The weakest link in this complex chain is the 
point where the nitrogen bases join together. 
This is a hydrogen bond, one of the weakest 
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chemical bonds known. Also note the se- 
quence of the nitrogen bases in figure 3-12. 
Each variety of cells will have a certain se- 
quence. This sequence is the critical factor 
when the DNA molecule performs its two 
functions—replication and controlling cellu- 
lar activity. 





Figure 3-12. Unwound DNA Molecule. 


(2) Replication must not be confused 
with duplication. In duplication a copy of the 
original is made and the original remains 
intact. In replication the original divides and 
forms two new molecules which resemble the 
original. Figure 3-13 shows a DNA molecule 
in the process of mitosis, which means cell 
division. The weak hydrogen bond between 
the nirogen bases is released and the DNA 
molecule starts to split. Each separation 
leaves an exposed nitrogen base which will 
recombine with nitrogen bases found in the 
cytoplasm of the cell. When they recombine, 
the second molecule will be identical to the 
original molecule as seen in figure 3-14. 

b. RNA Molecule. After replication there 
are two identical cells. RNA, which is the 
messenger system for DNA, enables the cells 
to function as specific cells. RNA is a single- 
stranded molecule produced by DNA. In the 
single cell illustrated in figure 3-15 the DNA 
molecule partially splits and produces an 
RNA molecule. This molecule is given a set of 
coded instructions which it takes to the ribo- 
some of the cell. The ribosome of a cell is the 
protein-producing part of a cell, which man- 
ufactures the necessary nutrients for a cell 
by combining certain amine acids that are 
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Figure 3-13. DNA Molecule During Mitosis. 


found within the cell. The RNA molecule in- 
structs the ribosome how to combine these 
amino acids. When this has occurred, then 
the cell will function as it is supposed to. 

ec Disturbing the Functions of DNA. The 
above explanation of DNA and RNA is by no 
means comprehensive. Cell division is a com- 
plex and exacting procedure. Fortunately 
DNA performs its functions without error as 
long as its structure is not disturbed. Al- 
though other conditions will affect DNA, the 
one of interest to the radiologic technologist 
is lonizing radiation. 


3-17. How TIonizing Radiation Affects DNA. 
Ionization, you will recall, is the removal of 
an orbital electron. If this electron is form- 
ing the bond between the nitrogen bases, 
then the ability to replicate exactly is lost. 
This means that one of the rungs in a DNA 
molecule may be incomplete or perhaps in- 
compatible with the free nucleotides present 
in the liquid cytoplasm. 
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Figure 3-15. Production of RNA. 


a. Any modification in the sequence of ni- 
trogen bases will result in a change of in- 
structions passed from DNA to RNA. When 
this happens, mutations occur. Mutations 
are generally considered to be harmful, but, 
fortunately, they are for the most part re- 
cessive and are usually overcome by the 
dominant characteristics of the norma! cells. 

b Sickle cell anemia is a mutation not nec- 
essarily caused by radiation. It is an inherit- 
ed defect in man, in which the red blood cells 
become distorted in the shape of sickles. 
They tend to form clumps which block the 
smaller blood vessels, and their tendency to 
burst brings about anemia, usually result- 
ing in early death. This serious hereditary 
defect in man is brought about by the substi- 
tution of only one nitrogen base in the DNA 
molecule—a single change in the sequence of 
the rungs. 


3-18. Mechanisms of Radiation Injury. The 
methods by which ionizing radiation can 
cause modification of cell structure are 
known as the target theory and the indirect 
damage theory. 

a. Target Theory. The target theory is 
also termed direct effects. These effects can 
be produced at cell level or in the whole ani- 
mal. In either case they alter cell structure. 
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(1) At cell level the changes are pro- 
duced when energy imparted by radiation 
acts in contact with the biological structure 
causing genetic effects. In the whole animal 
direct effects can be produced in a given tis- 
sue by virtue of its life span and function. 
For example, bone marrow continuously 
produces blood cells. These immature cells 
are highly susceptible to radiation injury. A 
high enough dose of radiation received by 
bone could result in bone marrow depression 
with a subsequent drop in the blood count of 
an individual. 

(2) One of the possibilities of direct ef- 
fects is a chromesome break. Such a break 
would require 20 ion pairs, and could occur 
as the result of secondary ionization. Gene 
mutations, on the other hand, can be pro- 
duced by as little as one ion pair. Chromo- 
some breaks do not necessarily cause imme- 
diate cell death. One result of a chromosome 
break is the possibility of an abnormal re- 
combination. Despite this, the whole cell may 
still be “operating” normally for the pres- 
ent. There is a definite delay before the inju- 
rious effects of radiation are observed. Cell 
death may occur during attempts at cell divi- 
sion (mitotic-linked death). The sooner the 
division following radiation, the greater the 
chances for cell death. Cell death may also 
occur during subsequent divisions due to 
loss of chromosome material. 

(3) First and second generations may 
appear perfectly normal and be able to func- 
tion normally. It should be noted that chro- 
mosome damage generally does not bring 
about cell death unless and until the cell en- 
ters division after irradiation. 

b. Indirect Damage Theory. The indirect 
damage theory constitutes all other effects 
and is produced in the fluid environment and 
neighboring cells. These effects may be 
found in one part of the body due to irradia- 
tion of the other part. Indirect effects may be 
the result of circulating toxic substances, 
histamine imbalance, or auto-intoxication 
by tissue breakdown products. 


(1) Since biological material in general has 
such a high percentage of water, both inside 
the cell (cytoplasm) and outside (interstitial 
fluid), radiochemical effects are usually pre- 
sented as affecting the water molecule. Under 
normal conditions water is a stable molecule 
containing two atoms of hydrogen and one atom 
of oxygen. When ionization occurs, which re- 
sults in the removal of an orbital electron, the 
weak hydrogen bond is broken. The result is the 
production of free ions and radicals such as H,, 
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O., OH, and so on. To understand the actual 
chemical breakdown requires an_ extensive 
chemistry background. The important fact to 
remember is that recombination of these free 
lons and radicals can produce toxic substances. 

(2) In the process of recombination these 
free ions and radicals, which were produced as a 
result of irradiation of the water molecule, can 
reform as H.O (water) or 2H.O (heavy water), 
both of which are harmless. However, another 
recombination is H.O,. or hydrogen peroxide. 
The toxicity of hydrogen peroxide is well known 
and should the quantities of this poison being 
formed in the cells and interstitial fluid be great 
enough, cell death will occur. 

(3) This mechanical/chemical injury to 
cells results in cell death. It occurs in both 
man and animal; however, animals have 
provided most of the experimental data. 
Keep in mind a given amount of radiation, 
say 400 R, will not necessarily produce the 
same biological effects in man as it does ina 
rat; in fact, it will not produce the same inju- 
ry In different cells within a man. It appears 
likely that both direct and indirect actions 
contribute to the chemical changes which 
initiate radiation injury in a biological sys- 
tem. 


3-19. Radiosensitivity of Cells. Two impor- 
tant factors influencing the varying respon- 
ses to radiation or radiosensitivity are cell 
variety and species variety. These factors 
are explained by the Law of Berganie and 
Tribondeau which states “the more undiffer- 
entiated physiologically and morpholog- 
ically, and active mitotically, the longer the 
cell requires to undergo active mitosis; and 
the more divisions it has yet to go through, 
then the more radiosensitive is the cell.” 
Stated generally, this means immature 
and rapidly dividing cells are more radiosen- 
sitive than mature ones and/or those of sta- 
ble tissues. A cell in mitosis is much more 
radiosensitive than the same cell at rest. 
Blood and gonadal cells are most sensitive. 
Nerve, brain, and muscle cells are least sen- 
sitive. The reduced sensitivity of nerve, 
brain, and muscle is due to the fact that a 
person is born with all the nerve, brain, and 
muscle cells he will have. Therefore, accord- 
ing to the Law of Berganie and Tribondeau, 
since these cells are neither immature nor 
rapidly dividing, they should have a greater 
resistance to radiation. 


3-20. Radiosensitivity of Species. Species vari- 
ety shows an even vreater variatien im radlo- 
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sensitivity, as shown in the following examples. 
The LD (lethal dose)s5.,3. varies for humans, 
sheep, poultry and bacteria. LDs5.,3 is the 
amount of radiation required to produce death 
in 50 percent of the exposed animals or humans 
within 30 days. 


Species LD 50/30 

Human 400 R 

Sheep 525 R 

Poultry 900 R 

Bacteria 3,000 to 5,000 R 
SECTION E—RADIATION PROTECTION 


STANDARDS 


3-21. Introduction. It is often said that ‘“X- 
rays accumulate in the body.” This state- 
ment is about 10 percent correct, but then 
only if reworded: “Approximately 90 percent 
of radiation injury is repaired, at the rate of 
2.5 percent per day, 50 percent at the end of 
30 days, and essentially all repaired by 90 
days.” The accumulation theory has its 
roots in the biological fact that 10 percent of 
the damage caused by any exposure to radia- 
tion is permanent and is often referred to as 
residual dose. It obviously follows that each 
subsequent dose is less tolerable by the body 
than the preceding dose. 

a. This can be demonstrated by the follow- 
ing hypothetical case. Keep in mind that the 
figures in this case are intended for compari- 
son only. Assume that a total organ dose of 
100 R will kill the pancreas. A patient is ex- 
posed to 20 separate doses of 50 R each with 
90 days between exposures for biological 
repair. Remember, that by allowing 90 days 
between exposures, 90 percent of the radia- 
tion damage will be repaired and 10 percent 
will be permanent. The residual picture 
would be as follows. 


Dose Repaired Residual 
50 R Each Each Time Dose 
Ist 90% 5 R 
2d 90% 10 R 
3d GO% 15 R 
LOth 90% 50 R 
19th GC 95 R 
POth QI) % 100 R 


After the first exposure the residual dose 1s 5 
R. The second exposure increases the residu- 
al to 10 R and the third, to 15 R. Following 
the tenth exposure, the residual is 50 R and 
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the pancreas is now only 50 percent effec- 
tive. The nineteenth exposure leaves a resid- 
ual dose of 95 R, and after the twentieth ex- 
posure the pancreas is no longer functional. 

b. Note the difference in the ability of the 
organ to tolerate the first dose of 50 R as 
compared to the twentieth dose of 50 R. It is 
for this reason that “safe levels” of radia- 
tion exposure have been established. The 
levels established differentiate between oc- 
cupational radiation workers and other 
groups. | 

ce. Although the word “safe” is commonly 
used in referring to radiation exposure, it 
should be clearly understood that no amount 
of radiation regardless of the amount can be 
considered 100 percent safe. “Biologically 
acceptable” is more descriptive in that no 
individual receiving up to that amount would 
be expected to develop manifestations of 
radiation injury. 

d. There are three organizations involved 
in establishing the safe limits of radiation 
dosage. They are: 

(1) National Committee on Radiation 
Protection and Measurement (NCRP). 

(2) Federal Radiation Council (FRC). 

(3) International Commission of Radio- 
logical Protection (ICRP). 


Their recommendations cover all types of 
ionizing radiation and whether it is applied 
internally or externally. Our major concern 
is exposure to X-radiation from an external 
source, the X-ray tube. 

e. The safe limits known as Radiation 
Protection Guides (RPGs) as recommended 
by the three organizations previously men- 
tioned are divided into two categories: those 
governing radiation workers and those gov- 
erning all others, meaning the general popu- 
lation. A further breakdown specifies the 


limits for whole-body and partial-body ra- 


diation exposure. 


3-22. Units of Radiation Dosage. Fundamen- 
tally, the harmful consequences of ionizing 
radiation to a living organism are due to the 
energy absorbed by the cells and tissues that 
form the organism. This absorbed energy (or 
dose) produces chemical decomposition of the 
molecules present in the living cells. The 
mechanism of the decomposition appears to 
be related to ionization and excitation inter- 
actions between the radiation and atoms 
within the tissue. The amount of ionization 
or number of ion pairs produced by ionizing 
radiations in the cells or tissues provides 
some measure of the amount of physiological 
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damage that might be expected from a given 
quantity or dose. The ideal basis for radia- 
tion-dose measurement therefore would be 
the number of ion pairs (or ionizations) tak- 
ing place within the medium of interest. 
However, for certain practical reasons, the 
medium used in establishing a unit of meas- 
urement was alr. 

a. Roentgen. In simple terms, a roentgen (R) 
is the amount of radiation that will produce one 
electrostatic unit of charge in 1 ce of air. Since 
one electrostatic unit of charge is equal to 2.083 
x 10° electrons, one R causes 2.088 x 10° 
(2,083,000,000) ion pairs. 

b. Absorbed Dose (rad). The energy ab- 
sorbed per/R of exposure varies with the 
type of absorbing material and the quality 
of radiation. The rad is the unit of absorbed 
dose and is equal to the absorption of 100 
oe of energy per gram of irradiated mate- 
rial. 

ec. Rad Equivalent Man (rem). The rem is 
the absorbed dose in rads multiplied by the 
relative biological effectiveness of the radia- 
tion used on the particular biological system 
irradiated. Fortunately, in the energy range 
used for medical radiography, 1 R = 1 rad = 
1 rem. In other words for all practical pur- 
poses the rad and rem will be the same as the 


3-23. Radiation Protection Standards. For 
radiation workers or those individuals 
whose occupation requires exposure to 10n1z- 
ing radiation on a regular basis, such as the 
radiologic technologist, radiation protection 
guides recommend the following maximum 
accumulated dose. For external exposure, 
from X- or gamma rays, to the whole body, 
the maximum average dose rate should not 
exceed 5 rems per year. The same dose rate 
applies to the head and trunk, active blood- 
forming organs, the gonads, and the lens of 
the eye. When only a single portion of the 
body is exposed, as compared to the whole 
body, the maximum permissible dose is gen- 
erally higher. For example, it is reeommend- 
ed that the average dose rate to the hands 
and forearms and to the feet and ankles 
should not exceed 75 rems per year. 

a. No occupational dose is allowed persons 
under 18 years of age. The accumulated dose 
at any subsequent age, therefore, should not 
exceed 5(N-18); where 5 is the maximum dose 
rate per year, N is the age of the worker in 
years; and 18 is the age prior to which no 
occupational dose is allowed. Below are two 
examples of calculating the maximum per- 
missible (accumulated) dose. 
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Age 20 
5(N-18) = 3(20-18) = 5(2) = 10 rems 


Age 31 
\(N-18) = 5(31-18) = 5(13) = 65 rems 


b. Radiation protection guides further 


state that the maximum exposure for a 3- - 


month period should not exceed 3 rems. This 
means that a radiation worker could actual- 
ly be exposed to 12 rems in a single year and 
still be within permissible limits as long as 
his accumulated dose does not exceed the 
maximum established by the formula 5(N- 
18). For example, we will use the maximum 
dose for a 3l-year-old radiation worker, 
which is shown above as 65 rems. If his expo- 
sure to date was 50 rems, 12 rems in 1 year 
would be permissible. This is not to say that 
an exposure of 12 rems during 1 year would 
be disregarded. An investigation should be 
undertaken to determine the source of the 
potential hazard, so the hazard can be elimi- 
nated. Obviously repeated exposures of 12 
rems per year would eventually lead to over- 
exposure. | 

c. The maximum permissible dose for the 
general population group is significantly 
lower than that of radiation workers. Cur- 
rently it 1s recommended that the vearly ra- 
diation exposure to individuals in the gener- 
al population should be held to one-tenth 
that of the occupational limits. This does not 
include exposure to natural radiation or 
medical and dental X-ray. Thus, for whole 
body exposure the radiation dose should not 
exceed 0.5 rems per year, and partial-body 


radiation dose should not exceed 7.5 rems per 


vear. The reason general population rates 
are less than radiation worker rates is be- 
cause radiation workers make up only a 
small percentage of the world population 
and if long-term effects result, the continu- 
ance of the species would not be endangered. 
d. Study groups which have spent many 
years In researching the safe amount of ra- 
diation that a radiation worker may receive 
have taken into account the environmental 
and other manmade radiation to which he is 
exposed. This includes everything from 
cosmic rays to watch dials and TV. screen 
enussions. Man's use of radiation in various 
forms grows day by day. Consequently, the 
dally nonprofessional exposure can be ex- 
pected to rise. Three broad factors contri- 
bute to critical decisions of how much radia- 
tion we can or should telerate. They are: 
(1) Changing levels of environmental 
radiation. 


(2) Rapid progressions in technology. 

(3) Increasing knowledge of the biologi- 
cal effects of radiation, particularly those 
that may affect or modify the species. 


The radiation protection guides discussed 
here are subject to constant modification and 
revision. It is the professional responsibility 
of every radiologic technologist to remain 
alert to these changing factors. 


SECTION F—BIOLOGICAL EFFECTS 


3-24. Introduction. Biological effects, also 
known as radiation Injuries, are described as 
either chronic or acute. Chronic injuries are 
those that appear a long time after chronic 
exposure to radiation, in 1, 5, or 30 years or 
perhaps in succeeding generations. Acute 
injuries are those appearing relatively soon 
after acute exposure, within 60 days or so. 
Acute exposures, if survived, can lead to 
chronic effects later. The acute effects of 
whole-body irradiation will probably never 
be seen in a radiologic technologist, even 
with the most careless individual imagina- 
ble. Therefore, the discussion of these effects 
will be brief and of academic interest only. 
Chronic effects are, however, of vital con- 
cern to the technologist, not only for his per- 
sonal interest, but also because of his re- 
sponsibility to the patient in assuring an 
absolute minimum of needless exposure. 


CHRONIC EFFECTS CAN BE BROUGHT 


' ABOUT BY THE CARELESS TECHNOLO- 


GIST. 


3-25. Acute Radiation Syndrome. The acute 
radiation syndrome (ARS), due to whole- 
body X- or gamma radiation, may reflect a 
variety of illnesses which are dose-depend- 
ent. Three major biological svstems emerge 
as the centers of concern, depending upon 
the amount of radiation received at the time 
of exposure. They are the hematopoletic 
(marrow) system, gastrointestinal (GI) svs- 
tem, and the central nervous (brain) system. 

a. The marrow ARS is evident between 
doses of 200 R and 1,000 R. Extreme depres- 
sion of the blood cells results in severe ane- 
nia and overwhelming infection. Deaths 
average from 20 percent at the lower end of 
the range to 100 percent at the upper ex- 
treme. Medical treatment is extremely com- 
plicated and of long duration, but biological 
salvage is possthle. 

b. The GL ARS is evident in dose ranges of 
1000 R to 5.000 R. The classic pieture is 
bloody diarrhea and advnanne ileus, result- 
Ing om osevere fluid and electrolyte loss. 


¢ 
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Deaths are 100 percent as there is no effec- 
tive medical treatment. 

c. The brain ARS, following exposures of 
over 5,000 R, is also 100 percent fatal. Inca- 
pacitation is produced in less than 10 min- 
utes. The classical symptoms are convul- 
sions progressing to coma and death. Cause 
of death is a sudden and overwhelming cere- 
bral edema. Obviously, there is no effective 
treatment. 


3-26. Chronic Effects. It should be noted that 
chronic effects are not qualified by the whole 
or partial-body exposure theories. Chronic 
effects can and do result from intermediate 
dose ranges, and even from very low dose 
ranges if exposure is repeated often enough. 

a. Radiation exposures increase the -inci- 
dence of certain types of cancer in man. 
While the exact mechanism of this damage is 


not known, repeated radiation damage and 


repair seems to account for some cases; 
whereas in others, the occurrence of somatic 
cell mutations seems an attractive hypothe- 
sis. Earliest evidence was the occurrence of 
skin cancers at the site of repeated X-ray 
burns among the early X-ray workers. Bone 
tumors were markedly increased among the 
radium watch dial painters. 

b. Increases of leukemia incidence have 
been documented particularly among early 
radiologists. Since 1911, when four cases 
were described, the incidence of leukemia 
among radiologists has increased. The rate 
in 1952 was some eight times greater than 
among the general population. This increase 
does not indicate that radiologists are more 
careless. It simply reflects the aging of the 
early radiologists, the time at which the de- 
layed effect becomes more obvious. At pres- 
ent, there has not been a threshold dose es- 
tablished for this phenomenon. In other 
words, it 1s not known how much is too much. 

c. Extensive animal data has established 
that radiation exposure produces an acceler- 
ation of the aging process. This effect is 
quite apart from any specific disease mani- 
festation. The animal simply ages faster and 
dies sooner from causes indistinguishable 
from those of nonirradiated animals. On the 


average, the life span is shortened by about 


7 percent per 1,000 R of total dose. As with 
carcinogenesis, no threshold is apparent. 

d. As early as 1927 it was reported that 
radiation increases the rate of mutations in 
the fruit fly. This work has since been con- 
firmed in other species. As further evidence 
of the difference in species’ resistance to ra- 
diation, it has been shown that the mutagen- 


ic effect is 10 times greater in the mouse than 
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in the fruit fly for a given radiation dose. 
Obviously, there is very little human data 
regarding radiation-induced mutations. 
However, the following ‘biological facts 
provide sufficient evidence to warrant con- 
cern: 

(1) Mutations are transmitted to suc- 
ceeding generations. 

(2) Mutations may be dominant or reces- 
sive. 

(3) Mutations will eventually result in 
genetic death. 

(4) There is no threshold dose for the 
genetic effects of radiation. 

(5) Any exposure is accompanied by the 
production of some mutations. 

(6) The number of mutations is propor- 
tional to the dose. 

e. Direct exposure of the gamete or zygote 
may occur during X-ray examination of the 
parent. Indeed, any exposure during the first 
trimester (first 3 months) of pregnancy MAY 
carry the penalty of an abnormal child. 
Chromosome activity is at 1ts maximum in 
early pregnancy. It has been determined on 
numerous occasions that therapeutic doses 
of radiation to a pregnant woman can even 
produce fetal death. The degree of abnormal- 
ity varies roughly in proportion to dose 
rates and exposure time, but there is as yet 
insufficient evidence to establish a minimum 
threshold dose for humans. 

f. Fertility effects are a grossly overrated 
radiation effect. True, radiation is capable 
of reducing fertility—the amount of reduc- 
tion being dependent upon the dose. Howev- 
er, except for direct, repeated exposure to 
the gonads, no radiation environment in 
peacetime is expected to be high enough to 
cause sterility, either temporary or perma- 
nent. 

g. Irradiation of the eye has been shown 
to result in cataract formation (lenticular 
opacity), which appears some time after 
exposure by X- or gamma rays and corpuscu- 
lar radiations. 


SECTION G—PRACTICING RADIATION 
PROTECTION 


3-27. Introduction. The previous discussion 
in this chapter shows how adverse biological 
effects can occur as a result of exposure to 
ionizing radiation. The discussion also 
shows that the effects can occur well within 
the dose levels necessary in medical X-ray 
diagnosis and treatment. Consequently, ra- 
diation protection must be the concern of 
every radiologic technologist. In addition to 
having some knowledge of the biological 
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effects of ionizing radiation you must prac- 
tice positive, protective measures in the ex- 
posure room. Furthermore, it is not enough 
to limit the protection to you, the technolo- 
gist; the patient deserves, and should be giv- 
en, equal consideration to keep his exposure 
also at a minimum. The final responsibility 
for protecting both yourself and your pa- 
tient from needless exposure to radiation 
rests with you. Granted, health physicists, 
radiologists, supervisors, and other person- 
nel establish and maintain protective pro- 
grams in the radiology department. But 
without the constant efforts of the technolo- 
gist, who makes the radiographs, effective 
protection against ionizing radiation will 
not exist. This section will present some pro- 
cedures to be used by the technologist to 
reduce exposure to himself, to his patients, 
and to others who must be present in the 
exposure room. 


3-28. Protection for the Technologist. Good 
working habits, common sense, and proper 
respect for ionizing radiation are very im- 
portant in radiation protection. With pres- 
ent day knowledge and the vast amount of 
protective resources at your disposal, there 
is absolutely no reason for you to even close- 
ly approach the maximum permissible dose. 
If proper precautionary measures are prac- 
ticed daily, the risk involved in being an X- 
ray technologist is very small, when com- 
pared to other risks such as driving a car, 
crossing the street, et cetera. The steps nec- 
essary to keep your exposure at a minimum 
can be divided into two categories: (1) those 
that protect you from the primary beam, and 
(2) those that protect you from secondary 
and scattered radiation (SR). 

a. Protection from the Primary Beam. 
Protecting yourself from primary radiation 
is very simple: do not expose any part of 
your body to the primary beam. This means 
that during exposure you should never hold a 
patient or cassette, or in any other way sub- 
ject yourself to primary radiation. In addi- 
tion, you should not allow another technolo- 
gist to perform these tasks. If assistance is 
needed to obtain a radiograph on uncoopera- 
tive patients, use someone who is not occupa- 
tionally exposed to ionizing radiation. Para- 
graph 3-30 gives further details. 

b. Protection from Secondary and Scatter 
Radiation. Although the intensity of SR js 
less than primary radiation (for a given 
technique), the radiation hazard to the tech- 
nologist 1s perhaps greater with SR. The 
reason for this is because SR ean reueh vir- 
tually all parts of the exposure room white 
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the primary beam is restricted to an area 
which is much smaller by comparison. There- 
fore, while it is a simple matter to remain 
clear of the primary beam, it is somewhat 
more difficult to elude SR. Following are 
some general rules to adhere to. 

(1) Standing Behind. a Protective Bar- 
rier. Always remain behind a protective bar- 
rier when making an exposure. Control 
booths are designed so that the technologist 
will not be exposed to any radiation that has 
scattered only once. In other words, the ra- 
diation must scatter at least twice before it 
reaches you. Use the lead impregnated glass 
window to observe the patient. Do not defeat 
the purpose of. the control booth by leaning 
out from behind the barrier to make the ex- 
posure. 

(2) Using Distance for Protection. Dis- 
tance is an effective means to reduce expo- 
sure. Since radiation intensity decreases as 
the distance from the source increases, expo- 
sure can be reduced by staying as far from 
the source as possible. This rule is particu- 
larly important to remember when taking 
portable radiographs where protective bar- 
riers are usually not available. 

(3) Protection During Fluoroscopy. Dur- 
ing fluoroscopy be sure to wear a protective 
apron. When you are not needed to assist the 
radiologist, remain in the control booth. 


3-29. Protection for the Patient. As previous- 
ly mentioned, any radiation protection pro- 
gram must include patients. There are sever- 
al ways to reduce radiation exposure to the 
patient. 

a. Repeat Films. A common cause of addi- 
tional patient exposure is due to repeat films. 
When a film is repeated because of improper 
processing, positioning, technique selection, 
or other technical reasons, the patient (as 
well as the technologist) is subjected to twice 
the original exposure. Therefore, getting a 
diagnostic radiograph on the first attempt 
helps considerably in protecting the patient. 

b. Collimation. A major cause of excessive 
patient exposure is failure to adequately 
restrict the primary beam. Always limit the 
primary beam to the smallest size necessary 
to include the part or parts being X-rayed. 
Primary radiation should not cover any 
areas beyond the borders of the film. In other 
words if vou are using a 14” x 17” film, the 
beam should never be greater than 14” x17”. 
There are times when it 1s advisable to re 
strict the primary beam to a size smaller 
than the size of the film. Some examples are 
simuses, scet Rims, and other examinations 
where a restiicted beam will not interfere 


¢ 
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with the diagnostic information. (An added 
“bonus” of restricting the primary beam to 
the smallest practical size is the reduction of 
SR, and consequently less fogging of the 
film.) 

ce. Filtration. In most instances, soft or 
low energy X-rays that exit from the tube 
serve no useful purpose in diagnostic radiol- 
ogy. They have little or no penetrating pow- 
er and consequently are absorbed by the pa- 
tient’s skin. To protect the patient from this 
type of radiation, filters must be added to the 
useful beam. According to NCRP Report No. 


33, total filtration in the useful beam shall . 


not be less than 2.5 mm of aluminum or 
equivalent for voltages greater than 70 kVp. 
For voltages between 50 and 70 kVp a mini- 
mum of 1.5 mm aluminum or equivalent is 
required. Below 50 kVp total filtration 
should be 0.5 mm aluminum or equivalent. 
This requirement (0.5 mm) may be assumed 
to have been met if a conventional diagnos- 
tic tube is employed since inherent filtration 
in conventional tubes is at least 0.5 mm alu- 
minum equivalent. If a beryllium window 
tube is employed, appropriate added filtra- 
tion will be required. 

d. High-kVp Technique. The absorbed ra- 
diation dose, and therefore, the biologically 
significant dose, to the patient can be re- 
duced by using high-kVp techniques. Intelli- 
gent use of high-kVp techniques produces 
excellent results, but the technologist must 
be aware of its limitations. Obviously, when 
maximum contrast is required, as in mam- 
mography, high kVp cannot be used. In 
terms of radiation protection, high kVp does 
not necessarily mean 100 to 150 kVp, but it 
should be interpreted to mean the highest 
kVp that will produce a good quality radi- 
ograph of a particular part. 

e. Films and Screens. High-speed screens 
and films are available and their use will cer- 
tainly reduce the radiation exposure to the 
patient. Again, they must be intelligently 
used. Whenever the speed of a screen or film 
is increased, there is some loss of detail. If 
the radiologist is willing to sacrifice some 
radiographic detail in order to reduce expo- 
sure to the patient, by all means use high- 
speed screens and films. He must make the 
decision since he is the one who interprets 
the films. 

f. Shielding. Make it a point to shield the 
gonadal area of patients whenever possible. 
Gonadal shields should be used for an exami- 
nation of the hips on children, but make sure 
the parts to be examined are not covered. 
The gonadal dose can be considerably re- 
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duced by using lead-rubber shielding on such 
examinations as femur, hips, and lumbar 
spines. Lead shielding should be used in addi- 
tion to collimators and cones since it will 
protect the patient from SR. The use of lead 
aprons to cover the part of the abdomen that 
is not being examined is highly recommend- 
ed. In the case of children, a special effort 
should be made to protect the sternum, fe- 
murs, and humeri since most of the red blood 
cells are produced in the marrow of these 
bones. 

g. Pregnant Patients. Paragraph 3-26e of 
this chapter explains the dangers of expos- 
ing pregnant women to ionizing radiation, 
particularly during early pregnancy. The 
decision as to whether the diagnostic infor- 
mation to be gained outweighs the potential 
radiation danger rests entirely with the pa- 
tient’s physician. In some cases such as 
“prenatal” chest films and pelvimetry, diag- 
nostic information may be considered neces- 
sary. In other cases it may be appropriate to 
delay the examination until later in the preg- 
nancy or after delivery. As mentioned be- 
fore, these decisions rest entirely with the 
patient’s physician because he is more famil- 
iar with her particular case than anyone 
else. The problem arises when the physician 
does not know that his patient is pregnant. - 
In this case you should inform the patient’s 
physician or the radiologist so a decision can 
be made regarding her X-rays. How do you 
know the patient’s pregnancy status? Ask 
her! There are some general rules to observe 
when asking a patient if she is pregnant. 
Keep in mind that you should use common 
sense and good judgment to avoid embar- 
rassing questions. 

(1) Do not ask her in the presence of 
others. Choose a private place such as the 
exposure room. 

(2) Choose words that are in good taste. 

(3) Explain why you want to know but 
do not alarm her with the information that 
radiation will absolutely result in damage to 
the fetus. 

(4) Ask only those that are procreative. 
For example, do not ask a 65-year-old pa- 
tient if she is pregnant. 


3-30. Protection for Others. Anyone who is 
not needed to assist should not be allowed in 
the exposure room during the examination. 
At times it will be necessary for others to 
remain in the room. Some of those needed for 
assistance and some steps to take to protect 
them from radiation are discussed below. 


3-16 AFM 160-30/TM 8-280/NAVMED _ P-5119 1 August 1974 


a. Parents will sometimes be required to 
remain in the room with a child. They should 
not remain in the exposure room during the 
examination unless they are needed. They 
may be needed to hold the film, to hold the 
child, or merely to be present to assist the 
technologist in getting the child’s coopera- 
tion. If possible, they should remain in the 
control booth during exposure. If needed to 
hold the film or child, be sure to have them 
wear protective aprons and gloves. (Preg- 


nant women should not be allowed to hold a 
film or child during exposure.) 

b. At times it will be necessary to use oth- 
er hospital personnel to assist you by hold- 
ing film, patients, et cetera. Use only person- 
nel not occupationally exposed to ionizing: 
radiation and do not use the same person for 
extended periods of time. Again, be sure they 
are properly protected with lead aprons and 
gloves. 
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Chapter 4 
BASIC ELECTRICITY 


SECTION A—LAW OF ELECTROSTATICS 


4-1. Law of Electrostatics: 

a. Like charges repel each other; unlike 
charges attract each other. This is the fun- 
damental law of electricity. This attraction 
or repulsion is mutual and is easily demon- 
strated. If two bodies are negatively (or pos- 
itively) charged, they repel each other and 
remain separated. If one is negatively 
charged and the other is positively charged, 
they attract each other (figure 4-1). The 
force of attraction (or repulsion) between 
two charged particles is directly proportion- 
al to the product of their charges and in- 
versely proportional to the square of the 
distance between them. 


REPEI REPEL ATTRAC I 


Figure 4-1. Like Charges Repel; Unlike 
Charges Attract. 


b. Since the positively charged ion is so 
much heavier and larger than the freed elec- 
tron, positive charges are less mobile than 
the lighter, negatively charged electrons. 
Usually only negative charges (electrons) 
move in a solid conductor; consequently, 
only negative charges move through a wire. 
The electrons in the valence (outer) orbits, 
called free electrons, are not tightly bound 
to the atom; these are the ones which may 
move freely from atom to atom. 


SECTION B—ELECTRIC CURRENT 


4-2. Introduction: 

a. Electric current indicates electric 
charges in motion. Dynamics deals with bod- 
les In motion, and the science of electricity in 
motion is known as electrodynamics. 

b. In general, all materials may be divided 
into two major categories—conductors and 
nonconductors (insulators). A material’s 
atomic structure determines its conductivity 


{paragraph 4-5c(3)]. Materials allowing elec- 


trons to flow with comparative freedom are 
conductors; those not allowing electrons to 
flow freely are nonconductors or insulators. 


Since materials havevarying degrees of 
conductivity, there areno perfect conduc- 
tors or perfect insulators. 

c. In electricity the word “ground” is used 
to refer to a connection made directly to the 
earth or to a conductor connected to the 


' earth. Because of its atomic structure the 


earth contains an almost limitless quantity 
of neutral atoms, making it possible for the 
earth to give up electrons without apprecia- 
bly affecting the neutrality of the ground, 
and thus to neutralize a large positive 
charge. Likewise, the earth can absorb ex- 
cessive electrons to neutralize a large nega- 
tive charge. If a body carrying a positive 
charge is connected to the ground, electrons 
flowing to it from the ground will! neutralize 
it. If a negatively charged body is connected 
to the ground, electrons flowing from it into 
the ground will neutralize the body. Because 
of its ability to neutralize any possible 
charge the earth is considered to be at zero 
potential. Thus, ground potential always 
equals zero potential. This is an extremely 
important factor in the shock-proofing of X- 
ray machines and other electrical equip- 
ment. 


4-3. Nature of an Electric Current: 


a. The term electric current refers to a 
flow of electrons through a conductor. An 
electric current, consisting of moving elec- 
trons, must have kinetic energy. The flow of 
electricity is based on the movement of elec- 
trons. 

(1) To produce an electrical effect some 
valence orbit electrons (called free electrons) 
must be removed from the atom and made to 
move from one atom to the next, in a particu- 
lar direction. In a material such as copper 
there are many free electrons. The loosely 
bound valence orbit electrons of copper at- 
oms can be put into motion and made to 
move, progressively, from one atom to the 
next atom through the wire. There is no con- 
tinuous flow of electrons, and a single elec- 
tron will not go far—in effect, it may be con- 
sidered as a series of jumps of an electron to 
the atom ahead. 

(2) In order to have a flow of current 
there must be a path, or conductor, in which 
electrons can move. This conductor must be 
in the form of a closed loop, which provides a 
continuous path for the flow of current. This 
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path, or closed loop, is a circuit (paragraph 
4-6). No significant electric current will flow 
in a nonconductor, such as glass, rubber, and 
mica, because in these substances the elec- 
trons are tightly bound to their respective 
atoms (there are few free electrons). 

b. There are two general types of electric 
current: direct current (DC) and alternating 
current (AC). 

(1) In DC, electrons flow in only one 
direction through a conductor. This current 
may be an even or uniform flow (continuous 
DC); or, it may move in surges (pulsating 


(2) In AC, electrons surge first in one 
direction and then in the other through a 
conductor, causing a change in both ampli- 
tude and direction of the current. 


4-4. Sources of Electric Current. Just as 
there must be pressure to cause a flow of 
water, there must be pressure to cause the 
flow of electrons. If we connect a wire be- 
tween a point with an excessive number of 
electrons and another point with a deficiency 
of electrons, we will have a potential differ- 
ence resulting in a flow of electrons. The 
greater the difference in the number of elec- 
trons, the greater the electrical pressure and 
the resulting electron flow. Therefore, if two 
bodies have unequal charges, a difference of 
potential exists between them. This differ- 
ence of potential causes an electron current. 
The force needed to move the electrons is 
called electromotive force (EMF). There are 
two commercially important sources of elec- 
trical pressure—chemical and mechanical. 

a. Chemical. Chemical energy can be con- 
verted into electrical energy by a chemical 
reaction between two dissimilar substances. 
This principle is employed in batteries. 

b. Mechanical. Dynamos and generators 
transform mechanical energy into electrical 
energy by electromagnetic induction (para- 
graphs 4-21 through 4-26). 


4-5. Fundamental Factors Present in Every 
Electric Circuit. In even the simplest DC cir- 
cult, three fundamental! factors are present 
—potential difference, current, and resist- 
ance. 

a. Potential Difference. The terms poten- 
tial difference, electromotive force (EMF), 
potential, and voltage are used synonymous- 
ly. Potential difference is the difference in 
electrical potential existing between two 
points in an electric circuit—one point has 
an excess of electrons (nevative charge), and 
the other point has a deficiency of electrons 
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(positive charge). Attraction between these 
two points supplies the force required for 
electrons to move between the two points. It 
is possible to pile up electrons at one point 
and remove them from the other point by 
means of a battery or generator. The great- 
er the excess of electrons at one point and 
deficiency of electrons at another, the great- 
er 1s the attraction or potential between 
these points. The unit of measurement of 
this potential difference is the volt. A volt is 
the amount of EMF needed to drive a current 
of 1 A (ampere) through a resistance of 1 
ohm (c below). 

b. Current: 

(1) The intensity of electric current is 
determined by the number of electrons flow- 
ing past a point in 1 second. The greater the 
number of electrons flowing per second, the 
greater the value of the current. 

(2) The unit of measurement of current 
strength is the ampere which is 1 coulomb of 
electricity flowing per second. The unit of quan- 
tity of electricity is a coulomb, which is 6.28 x 
10’ electrons. The milliampere (mA) is 1 1000 
as large as the ampere. Thus 6.28 x 10" elec- 
trons (0.001 coulomb) flowing per second is 
equal to 1 mA. 

c. Resistance: 

(1) In an electric circuit, resistance de- 
pends on the type and physical dimensions of 
the material making up the circuit. Every 
conductor resists the flow of electrons 
through it. Opposition or hindrance to the 
flow of electrons in an electric circuit is 
called resistance. 

(2) The unit of measure of resistance is 
the ohm; it is symbolized by the Greek letter 
Omega (2). 

(3) The ohmic resistance of a conductor 
depends upon four factors: 

(a) Material. Most metals are conduc- 
tors of electricity. Silver and copper have 
comparatively low resistance, allowing cur- 
rent to flow much more freely than do insula- 
tors or nonconductors, such as rubber, glass, 
and plastics, which have high resistance. 
Copper is used more exclusively in electric 
wiring than any other metal as it offérs less 
resistance to the flow of electric current 
than any other “common” material. 

(b) Length. For a given material, the 
resistance of a conductor is directly propor- 
tional to its length. For example, 10 feet of 
wire has 10 times as much resistance as 1 
foot of the same wire. 

(c) Cross Section. The greater the 
cross section of a conductor, the smaller will 


( 
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be its resistance per foot of length. For ex- 
ample, a wire 1 mm ii diameter has four 
times aS much resistance as a wire of the 
same length and material but 2 mm in diame- 
ter because the latter has four times as much 
cross-sectional area. The resistance of a 
conductor is inversely proportional to its 
cross-sectional area (or to the square of its 
radius). 

(d) Temperature. For most conduc- 
tors, the resistance increases with an in- 
crease in the conductor’s temperature. The 
hotter the conductor becomes, the greater 
will be its resistance. 


4-6. Elementary Electric Circuits: 

a. Every circuit has three essential re- 
quirements—(1) a source of potential differ- 
ence (voltage), (2) a current carrying wire 
(conductor), and (3) a resistive device to reg- 
ulate the rate of current flow (resistance). In 
figure 4-2 are shown some of the common 
diagrammatic symbols used in electrical 
drawings. 

b. A series circuit is one in which all the 
resistances are connected end to end so that 
the same current flows in each part of the 
circuit using but one path. In the simple se- 
ries circuit shown tn figure 4-3, all of the cur- 
rent flowing from the battery must flow 
through the switch, the resistor, and the 
lamp, and back to the battery. 

ce. Parallel circuits provide more than one 
path in which the current can flow. In figure 
4-4 the current from the battery divides to 
follow two paths. One portion of the current 
flows through the resistor and the other 
through the lamp; the current then recom- 
bines. The amount of current flowing in each 
path (branch) depends on the resistance in 
that branch of the circuit. 

d. Aclosed circuit results when a complete 
path is available through which the elec- 
trons can flow. 


4-7. Ohm’s Law. The basic principles of elec- 
tricity are formulated in Ohm’s law. The 
German physicist, Ohm, proved that when a 
direct current is flowing in an electric cir- 
cuit, a definite relationship exists between 
the current (amperage), voltage, and resist- 
ance. Ohm’s law states that the current flow- 
ing ina DC circuit is directly proportional to 
the EMF and inversely proportional to the 
resistance of the circuit. Ohm’s law may be 
expressed by any one of three equations. In 
common usage, I is current expressed in 
amperes, E is EMF expressed in volts, and R 
is resistance expressed in ohms. 
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EE 
I=R,R=TLE=I1XR 


Thus, to find a resistance when E and I are 
known, use R = E. to find the voltage when I 


and R are known, use E = 1X R. If any two of 
these values are known, it is possible to find 
the value of the unknown by using one of 
these formulas. A simple aid to memorizing 
Ohm’s law formulas is to cover the unknown 


factor in the formula eR and see what 


mathematical manipulations are required to 
find it. For example, if it 1s desired to find the 
resistance (R) when the applied voltage (E) is 
12 volts and the current (I) is 3 amperes— 
cover R and note that E should be divided by 
I. Thus, 12 + 3 = 4 ohms resistance. 


4-8. Work and Power of an Electric Current: 

a. A given amount of electricity can do a 
definite amount of work. There is a simple 
relationship between the work produced and 
the voltage and amperage ina circuit. Power 
is the rate at which work is done per unit of 
time. The watt (W) is the unit of electrical 
power, and is equivalent to 1 A of current 
flowing at a pressure (EMF) of 1 volt. The 
power rule formula determines the power of 
continuous DC (the amount of work the cur- 
rent can do per second); 


P = I XE, or power (in watts) = 
amperage times voltage. 


The power of most electrical machinery is 
measured in terms of a unit called a horse- 
power: 746 watts are equal to 1 horsepower. 
b. The most common loss of power in elec- 
trical work is due to the heat developed when 
current is flowing through a resistance. The 
greater the resistance of the circuit with a 
fixed amount of current flow, the greater is 
the rate of heat production. A combination 
of the power formula and Ohm’s law (E = I X 
R) gives the power loss due to heat produc- 
tion of a particular circuit. To find the power 
loss by this method, substitute the symbols I 
X R for the symbol E in the power formula. 
This combination gives the formula P = I X 
IR. Thus, the power utilized in heat produc- 
tion Is: 
Power consumed (as heat) = J?R in watts(as heat) 


where J is the current in amperes and R is the 
resistance in ohms. 

ce. The portion of the circuit having the 
greatest resistance will produce the most heat, 
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Figure 4-2. Common Diagrammatic Symbols Used in Fleetrical Design. 
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and the power loss is proportional to the square 


. of the amperage. If the current is doubled, the 


power loss due to heat production is 2°, or 4 
times as great. 


LAMP 





= 


RESISTOR 








BATTERY 


_. 


Figure 4-3. A Simple Series Circuit. 


STITCH 


S¥ITCH 
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Figure 4-4. A Simple Parallel Circuit. 


SECTION C—MAGNETISM 


4-9. Classification of Magnets: 

a. Natural Magnets. The earth possesses 
a natural magnetic field. Magnetite, a natu- 
ral magnet, (commonly referred to as lode- 
stone) consists mainly of iron oxide and is 
assumed to have become magnetized as a 
result of lying in the earth’s magnetic field. 
Natural magnets have very limited practical 
use because their magnetic force is very 
weak and irregular. 

b. Artificial Magnets. Artificial magnets 
are manmade and are produced in a wide va- 
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-riety of shapes and sizes. They are con- 


structed of hard steels or other special al- 
loys which are artificially magnetized. Such 
magnets are used extensively in electrical 
equipment. They are classified as temporary 
or permanent; their classification and 
strength are determined by the material 
from which they are manufactured. 

c. Electromagnets. Electromagnets  de- 
pend upon an electric current for their ener- 
gy. They are usually temporary magnets 
which lose their magnetism when the electric 
current is turned off. One of their big advan- 
tages is the ability to control both the 
strength and duration’ of their magnetic 
force field. 


4-10. Properties of Magnets: 

a. Poles of a Magnet. Every magnet, re- 
gardless of shape, has two poles—the north- 
seeking pole and the south-seeking pole. If a 
freely suspended magnet is disturbed it will 
return to north-south position, and the 
north-seeking pole will always point north. 
This is the principle on which the compass 
works. 

b. Attraction and Repulsion of Magnetic 
Poles. Like magnetic poles repel each other; 
unlike magnetic poles attract each other. 
When two magnets are brought close togeth- 
er so that the north pole of one magnet is 
directly opposite the north pole of the other 
magnet, a repelling force tends to keep the 
two magnets apart (A, figure 4-5). If the 
magnets are positioned so that the north 
pole of one magnet faces the south pole of 
the other, a force of attraction pulls the two 
magnets together (B, figure 4-5). The force 
(attraction or repulsion) between two mag- 
netic poles is directly proportional to the 
sum of the strength of the poles and inverse- 
ly proportional to the square of the distance 
between them. 


4-11. Magnetic and Nonmagnetic Substances. 
All matter is affected, to some extent, by a 
magnetic field. Substances which are strong- 
ly attracted by a magnet are called magnetic 
substances. Most materials, however, are 
not noticeably affected by magnets; they are 
classified as nonmagnetic materials. 

a. Magnetic Materials. Iron and steel are 
strongly magnetic; cobalt, nickel and man- 
ganese are also magnetic, but to a lesser 
degree. These substances, or their alloys, are 
used to make permanent magnets. 

b. Nonmagnetic Materials. Most common 
materials, such as wood, copper, glass, 
brass, lead, tin, silver, gold, rubber, and 
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Figure 4-5. Attraction and Repulsion of 
Magnetic Poles. 


plastics are nonmagnetic and therefore, 
cannot be magnetized. 


4-12. Theory of Magnetism. Magnetic materi- 
als consist of millions of tiny elementary 
magnets (magnetic dipoles), which are so 
small that they cannot be seen by an optical 
microscope (probably molecular or atomic in 
size). The molecular magnets that make up 
an unmagnetized bar of iron or steel are 
arranged at random; the magnetism of each 
molecule is neutralized by that of adjacent 
molecules, and there is no external magnetic 
effect. When a magnetizing force is applied 
to this unmagnetized iron bar, the molecules 
become aligned so that their north poles 
point in one direction and the south poles in 
the opposite direction (figure 4-6). With the 
magnetic molecules aligned, their magnetic 
strengths combine, and the bar is then said 
to be magnetized. 
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Magnetized material showing magnetic 
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Figure 4-6. Differences Between Magne- 
tized and Unmagnetized Iron. 


4-13. Properties of Magnetic Materials. The 
magnetic qualities of materials vary great- 
ly. For instance, the magnetic molecules of 
some materials are more easily aligned un- 
der the influence of a magnetic field than 
those of other materials. The ease with 
which a material can be magnetized is called 
its permeability. The ability of a material to 
retain its magnetism is called retentivity. 
Any metal that is easily magnetized loses its 
magnetism easily. Soft iron has high perme- 
ability but low retentivity; it 1s easily mag- 
netized but loses magnetism easily. Hard 
steel has low permeability but high retentiv- 
ity; it is more difficult to magnetize but re- 
tains magnetism for a long period of time. 


4-14. Magnetic Fields. The region about a 
magnet in which its magnetic force is detect- 
able is the magnetic field. A magnetic field 
can be demonstrated by putting a piece of 
paper over a bar magnet and sprinkling iron 
filings over the paper. If the paper is gently 
tapped, the filings arrange themselves in a 
pattern (figure 4-7), following the magnetic 
lines of force which make up the magnetic 
field. The concentration of lines of force de- 
termines the strength of the magnetic field 
at that point. The strength of a magnetic 
field is alwavs greatest at the poles of the 
magnet. 


4-75, Characteristics of Lines of Force. Lines 
of foree ave asstuiecdg to leave the north pole 
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Figure 4-7. Demonstration of the Pattern of 
the Magnetic Lines of Force. 


of a magnet and enter the south pole of a 
magnet (A and B, figure 4-8). Each line of 
force leaving the magnet at the north pole 
returns to the magnet at the south pole. 
Lines of force in a magnetic field repel each 
other; therefore, the lines tend to spread out 
and away from the surface of the magnet. 
The tendency of magnetic materials to draw 
magnetic lines of force into themselves ex- 
plains magnetic permeability (paragraph 4- 
13). The more permeable a substance, the 
more readily it will concentrate lines of force 
within itself (figure 4-9) because it offers less 
resistance to magnetic lines of force than 


the surrounding air. 


SECTION D—ELECTROMAGNETISM 


4-16. Introduction: 

a. Magnetic and electrical phenomena are 
closely related—electricity always produces 
magnetism; magnetism caused by an electric 
current flowing through a conductor is called 
electromagnetism. In 1820 the Danish scien- 
tist Oersted observed that a compass or sus- 
pended bar magnet was deflected when 
placed near a wire carrying an electric cur- 
rent, returning to its original position when 
the current ceased. 

b. A wire carrying a current of electricity 
has around it a field of force which acts on 
iron filings placed on a cardboard with a 
conductor passed through it in a. manner 
similar to the field of force around a perma- 
nent magnet (figure 4-10). 

c. Amagnetic field exists about a wire only 
during the time the current is flowing; when 
the current ceases to flow, the magnetic field 
about the wire collapses. 
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Figure 4-8. Magnetic Fields. 


d. The strength or intensity of the mag- 
netic field around a current-carrying conduc- 
tor increases or decreases when the current 
increases or decreases. Reversing the direc- 
tion of current in the conductor, reverses the 
direction of the magnetic field. 


4-17. The Electromagnet: 

a. If a conductor through which a current 
is flowing is bent in the form of a loop, the 
same circular lines of force, or magnetic 
field, surround the conductor as when it is 
straight; all the lines of force enter on one 


— side (face) of the loop and leave on the other 


side, resulting in a north pole on one face and 
a south pole on the other. If several loops or 
turns of wire are so wound as to form a coil, 
it is a helix or a solenoid (A, figure 4-11). Dur- 
ing current flow, the intensity of the magnet- 
ic lines of force around such a coil of wire are 
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Figure 4-9. Magnetic Permeability. 


proportionately greater than those around a 
single loop of wire. 

b. If a piece of magnetic material—usual- 
ly soft iron—is placed within a solenoid 
through which current is flowing, the mag- 
netic properties of the solenoid are tremen- 
dously increased. The inside of any coil is 
termed the core, and if the coil is wound on a 
core of magnetic material it acts as an elec- 
tromagnet (B, figure 4-11). 

ce. Electromagnets are widely used in elec- 
trical equipment; for example, the electric 
bell, the telephone receiver, the motor, the 
generator, the transformer, the radio, and 
electrical measuring instruments. The prin- 
ciple of the electromagnet is utilized in many 
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Figure 4-11. 
magnet (B). 


of the devices in an X-ray circuit, such as 
relays, remote control switches, and circuit 
breakers. 


4-18. Electromagnetic Induction: 

a. Current flowing through a conductor 
always produces a magnetic field around 
that conductor. Under certain conditions, a 
magnetic field can also produce current flow 
in a conductor. Technically, however, it is 
more acceptable to say that a magnetic field 
can produce an EMF and that this EMF can 
cause current flow when there is a complete 


circuit. Whenever a conductor when there is - 


a complete circuit. Whenever a conductor 
forming part of a closed circuit cuts across 
magnetic lines of force, an electric current 1s 
induced in the conductor. In 1831, Faraday 
demonstrated this principle by rapidly mov- 
ing a wire through a magnetic field, causing 
an electric current to flow in the wire. 

b. The magnitude of the induced voltage is 
dependent upon four factors: 

(1) The speed or rate at which the wire 
moves. The more quickly the wire moves, the 
more lines of force it will cut. 

(2) The strength of the magnetic field. 
When the lines of force are closely concen- 
trated, the conductor cuts more lines per 
second. 

(3) The angle between the motion of the 
conductor and the direction of the magnetic 
lines of force. As the angle approaches 90°, 
the voltage increases in magnitude because 
more lines of force are being cut per second 
(figure 4-12). 

(4) The number of turns in the conduc- 
tor. Each turn of the wire cuts the lines of 
force; a 100-taurn coi cuts the lines of force 


Solenoid (A) and Electro- 
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Figure 4-12. Electromagnetic Induction. 


100 times as often as a single wire moving at 
the same speed in the same magnetic field. 
ce. There are three ways in which an elec- 

tric current can be induced in a conductor by 
electromagnetic induction: 

(1) If a wire is moved across a station- 
ary magnetic field. 

(2) If a magnetic field moves across a 
stationary wire. 

(3) If the magnetic field varies in 
strength or direction while a stationary con- 
ductor lies in it. 


4-19. Self-Induction: 

a. Self-Induction is defined as the process 
by which the magnetic field of a coil induces 
a counter EMF in the coil itself. This self- 
induced voltage will oppose the applied cur- 
rent. In a circuit consisting of a coil of wire 
in which uniform DC is flowing, the instant 
the switch is closed a magnetic field builds 
up, which cuts across the coil producing a 
voltage (counter EMF), which will always be 
opposite in polarity to the voltage causing 
the original current to flow. The field sur- 
rounds the conductor in concentric circles, 
increasing In intensity to a maximum where 
it remains as long as current flows. The 
moment the switch is opened the current 
stops, the field collapses, and the lines of 
force move across the coil in the opposite 
direction. This causes a short-lived induced 
voltage which tends to keep the current flow- 
ing in its original direction. Thus when the 
switch is closed, there is a short-lived volt- 
age which tends to oppose the flow of cur- 
rent; when the switch is opened, the self-in- 
duced voltage is reversed and tends to keep 
the current flowing in its original direction 
for a short time. In uniform DC, the self-in- 
duced voltage is present only when current 
flow is started or stopped. 

b. The addition of a soft iron core inside a 
coil concentrates the magnetic field, thereby 
increasing the magnitude of the self-induced 
voltage that opposes the original current. 
The magnitude of the induced voltage also 
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depends on how far the iron core is pushed 
into the coil. The choke coil is designed on 
this principle. The current delivered through 
a choke coil may be varied by changing the 
placement of the iron core. 


4-20. Mutual Induction. When the current 
flowing through a conductor is not uniform, 
there will be corresponding changes in the 
magnetic field. If a second (secondary) coil is 
placed near the first (primary) coil with its 
changing magnetic field, an alternating EMF 
will be induced in the second coil. For mutual 
induction (inductance between two coils act- 
ing together) to occur, the magnetic field 


. must change in strength or direction, such as 


SECTION E—ELECTRIC GENERATORS 
AND MOTORS 


4-21. Introduction. An electric generator or 
dynamo is a device that changes mechanical 
energy into electrical energy. Electric gener- 
ators are based upon the principle that a 
voltage and current are induced in. a coil 
when it cuts magnetic lines of force. A gener- 
ator has a strong magnet to supply the nec- 
essary magnetic field and an armature, cons- 
isting of a coil of insulated wire wound 
around an iron core, mounted so that it can 
rotate between the poles of the magnet. The 
mechanical energy required to rotate the 
armature may be obtained by such means as 
water power, steam, or gasoline engines. As 
the armature rotates, its coil cuts the mag- 
netic lines of force and induces an EMF. . 


4-22. The Simple Alternating Current Gener- 
ator: 

a. The simplest form of an AC generator 
may be made by rotating a single loop of 
wire placed between the north and south 
poles of a magnet. It is possible to analyze 
what the characteristics of the induced cur- 
rent will be by studying the relation of the 
loop of wire in the rotating armature to the 
magnetic field. In figure 4-13, the two ends of 
the loop of wire (A and B) in the armature 
are separately connected to two metallic 
rings (sliprings, X and Y), which are insulat- 
ed from each other and mounted on the same 
shaft as the loop so that they rotate as the 
armature revolves on its axis. Two station- 
ary metal or carbon strips, called brushes, 
rest lightly on the sliprings as they revolve 
with the loop. The ends of the wires of the 
external circuit (in this case, the meter) are 
connected to the brushes. As the brushes rub 
against the rotating sliprings, they take 
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current from the armature and transmit it to 
the external circuit. The magnetic field pas- 
ses from the north (N) pole to the south (S) 
pole. As wires A and B pass from left to right 
and right to left, respectively, through the 
magnetic field, currents induce flow in the 
direction shown by arrows (II, figure 4-13); 
current leaves wire A through slipring Y, 
passes through the meter in the external cir- 
cuit, and enters slipring X, completing the 
circuit. As the armature rotates, A and B 
each move to the other’s original position 
(III, figure 4-13); current leaves wire B 
through slipring X, passes through the me- 
ter, and enters slipring Y (IV, figure 4-13). 
The current reverses direction with every 
half-turn of the armature. 

b. The magnitude of the induced voltage 
as the coil rotates in the magnetic field may 
be plotted as a curve (figure 4-13). As the 
armature moves parallel to the magnetic 
field, no lines of force are being cut and no 
EMF is being induced (I, figure 4-13). As the 
armature advances toward the 90° position 
(II, figure 4-13), it cuts more and more lines 
of force. When the conductor has moved 
through a 90° angle, the armature moves 
perpendicular to the magnetic lines of force 
and cuts the maximum number. At this point, 
a maximum voltage is induced in the positive 
direction. At the 180° position (III, figure 4- 
13), the armature has made one-half revolu- 
tion; since it is again moving parallel to the 
magnetic field, there is: no induced voltage. 
The armature again cuts the field at right 
angles (IV, figure 4-13); however, the lines of 
force being cut are in the opposite direction 
as before, reversing the induced voltage and 
giving a maximum negative voltage. The 
armature completes the cycle (V, figure 4- 
13), returns to its original zero position, and 
starts again the same series of changes. 

c. The rotating coil or armature is repre- 
sented in cross-section in VI, figure 4-13. The 
curve shown with the sectional view is a 
graphic representation of the AC produced. 
One complete revolution of the coil produces 
one cycle of AC or voltage, mathematically 
termed a sine curve or sine wave. This curve 
demonstrates the instantaneous values of 
voltage or current as they vary with time, 
and is the normal wave form for AC. The 
curve between points A and B on the wave 
(VI, figure 4-13) represents one cycle of AC. 

d. The AC most commonly used in the 
United States is 60-cycle (60 complete cycles 
occur per second). The number of cycles an 
AC completes per second is called its fre- 
quency. Each cycle consists of two impulses 
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(alternations or pulsations) or changes in 
current direction; in 60-cycle AC there are 
120 impulses per second. 

e. Since the current and voltage change 
from zero to maximum in each alternation, 
the measurements of AC are not the same as . 
those of DC. However, AC is as effective in 
producing heat as a proportionately large 
DC. Thus, a simple relationship can be used 
to relate their effectiveness, providing a use- 
ful means of converting one value to the oth- 
er. The values of AC are assumed to be effec- 
‘ive values, unless otherwise specified. With 
pure sine wave AC, relationships between 
maximum and effective values of the current 
and maximum and effective voltage are: 


maximum current = 1.414 X effective 
current, 


(maximum voltage) (effective voltage) 


or 


effective current = 0.707 X maximum 
current, — | 


(effective voltage) (maximum voltage 


4-23. Direct Current Generator. The funda- 
mental difference between an AC and a DC 
generator is the method in which the current 
is collected. The distinguishing structural 
characteristic of the DC generator is the 
commutator. The terminals of the armature 
are not connected to sliprings, but to the 
segments of a commutator. The commutator 
changes AC into pulsating DC before the 
current enters the external circuit. Although 
the voltage and current are at zero value 
once during each pulsation, the current flow 
is still only in one direction. The type of cur- 
rent produced by a simple DC generator has 
a waveform similar to that shown in A, fig- 
ure 4-14. Even the most complicated DC gen- 
erator does not produce a truly uniform DC 
(B, figure 4-14). 


4-24. Advantages of Alternating Current: 
a. AC is a much more suitable and versa- 
tile source of power than DC, which is limited 
in number and kind of applications to power 
machinery and electronic circuits. 

(1) AC is required for the operation of 
high voltage transformers used in industry, 
as well as in the production of X-rays. An AC 
voltage may be readily changed by trans- 
formers with little loss of energy. 

(2) AC can be transmitted over long 
distances without appreciable loss of power. 
In transmitting large amounts of power over 
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Figure 4-14. Direct Current. 


long distances, the power consumed by the 
resistance of the wire is lost as heat (para- 
graph 4-8b). 

b. Power generated at a power plant may 
be sent across great distances with relative- 
ly small loss if the current is kept low. When 
it reaches its destination the high voltage 
(high-tension) AC is reduced in value, ordi- 
narily to 110 to 220 volts. This reduction is 
accomplished by means of an electromagnet- 
ic device—a transformer (paragraph 4-27). A 
transformer cannot be used with DC, which 
is one of the chief reasons why AC is more 
widely used. 


4-25. The Electric Motor: 

a. Motors, like generators, are a means of 
transforming energy or power. The electric 
motor is a device that converts electrical 
energy into mechanical work. The simple 
electric motor does not differ essentially in 
construction from the generator or dynamo, 
but it operates exactly the reverse of an elec- 
tric generator. 

b. When an electric current flows through 
the armature of an electric motor, it sets up 
a magnetic field which is opposed by the field 
about the permanent magnet of the motor. 
The current is supplied to the armature in 
such manner that when the rotating arma- 
ture achieves a position (a half-turn) in 
which the magnetic fields are no longer op- 
posed, the current is reversed in direction, 
and the repulsion again exists between the 
two magnetic fields causing the rotating 
armature to make another half-turn. This 
occurs over and over again and keeps the 
armature turning steadily. 
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4-26. Current Measuring Devices. A mag- 
netic field set up by current flowing in a 
conductor reacts against an external field. 
This is the basic principle utilized in the 
construction of current measuring devices. 

a. The d’Arsonval galvanometer (figure 4- 
15), the basic current-measuring device, 
consists of a pivoted coil of fine wire sus- 
pended between the poles of a permanent 
horseshoe magnet. Attached springs keep 
the coil in a zero or neutral position when no 
current flows. When DC passes through the 
coil, it becomes an electromagnet; its poles 
are repelled by the like poles of the perma- 
nent magnet, causing a twisting effect to be 
exerted on the coil against the resisting 
force of the supporting springs. When the 
circuit is opened, the coil returns to its origi- 
nal or zero position. The angle through 
which the coil turns is proportional to the 
strength of the current. Whenever the coil 
moves on its axis, a small, attached pointer 
moves across a calibrated scale, indicating 
the current strength. The d’Arsonval galva- 
nometer can be modified to measure either 
amperage or voltage in a circuit. When a 
low-resistance wire (a shunt) is connected in 
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Figure 4-15. Galvanometer. 
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parallel with a galvanometer which has an 
appropriately calibrated scale, it serves as 
an ammeter; when a high-resistance wire is 
connected in series, it serves as a voltmeter. 
To measure the voltage and current of AC, 
additional modifications are required, but 
the same principle is used in AC meters. 

b. The voltmeter is a high-resistance gal- 
vanometer, used to measure voltage. It meas- 
ures the potential difference across any two 
points in an electric circuit and must always 
be connected in parallel (V, figure 4-16); that 
1s, connected by means of a wire to either 
side of the device across which the voltage 
drop is to be measured. 

c. An ammeter measures in amperes the 
quantity of electricity (electrons) flowing 
per second in a circuit. In a simple series cir- 
cuit, the current flowing through all points 
in the circuit is the same (paragraph 4-6). 
Since the ammeter is used to measure all] the 
current flowing in a circuit, it must be con- 
nected in series in that circuit—that is, di- 
rectly into the circuit (A, figure 4-16). By 
decreasing the resistance of its shunt, an 
ammeter can be made to read milliamperes, 
constituting a milliameter. 


VOLTMETER 


AMME TER 





RESISTANCE 


Figure 4-16. Placement of Voltmeter and 
Ammeter in Circuit. 


d. In most equipment the milliamperage 
meter can be converted to a ballistic or mil- 
liampere-second (mAs) meter. This is accom- 
plished by eddy current damping of the mov- 
ing coil. By setting up eddy currents (count- 
er EMF) in the moving coil we can cause it to 
assume a high degree of inertia which causes 
the pointer or indicating needle to deflect 
slowly so that it registers a value equivalent 
to the mAs (milliampere-seconds). The ordi- 
nary moving-coil milliammeter (c above) 
does not have sufficient time to register the 
true mA at 1/2-second or less intervals. For 
very rapid exposures where high milliamper- 
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age is being used, the mAs meter gives a far 
more accurate reading than the milliamme- 
ter. At exposure times of greater than 1 sec-. 
ond, the ordinary milliammeter will give an 
accurate reading. 


SECTION F—PRODUCTION 
TROL OF HIGH VOLTAGE 


AND CON- 


4-27. Transformers: 

a. For the production of X-rays, extremely 
high voltage is required. A transformer can 
be used to increase or decrease voltage with 
little loss of energy. Using the principle of 
mutual induction (paragraph 4-20), the 
transformer transfers electrical energy 
from one circuit to another via an electro- 
magnetic field. 

b. In its simplest form, the transformer 
consists of a primary coil placed close to a 
secondary coil. The two coils are completely 
insulated from, and lie parallel to, each oth- 
er. This type of transformer is an air-core 
transformer (figure 4-17). The primary coil 
(input side) is the one into which AC is intro- 
duced; the secondary coil (output side) is the 
one in which AC is developed by mutual in- 
duction. When AC flows in the primary wind- 
ing (coil), it sets up an alternating magnetic 
field which expands about the coil and col- 
lapses each timé the current changes direc- 
tion. An alternating expanding and con- 
tracting magnetic field sweeps back and 
forth through the secondary winding induc- 
ing an EMF in the secondary coil. 

c. A step-up transformer has a greater 
number of turns in the secondary winding 
and increases the voltage but decreases the. 
current availability, a step-down transform- 
er has more turns in the primary winding 
and decreases the voltage but increases the 
current capability. In other words, the volt- 
age in the primary winding is to the induced 
voltage in the secondary winding as the 
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Figure 4-17. 
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number of turns in the primary winding is to 
the number. of turns in the secondary wind- 
ing. The formula to express the relationship 
between the number of turns in the windings 
and the voltage is: 

E, _T, 

E. 7, 
where E, is the primary voltage, E, is the 
secondary voltage, 7’, is the number of turns in 
the primary coil, and 7, is the number of turns 
In the secondary coil. 

d. A transformer does not generate power; 
it transfers power from one circuit to another. 
The power output can be no greater than the 
power input, and the power input to the 
primary side (P,) of the transformer must equal 
the power output of the secondary side (P,). 
(The assumption that the transformer is 100 
percent efficient simplifies the mathematics— 
actually, P, is slightly less than P,.) Inasmuch 
as the power in an electric circuit equals voltage 
multiplied by amperage, P, = E, X I, and 
Pee] by xX i1,simee-?P,.=P,.b; X1y= bX 
I,. Where J, is current in amperes in the second- 
ary coil, J, is current in the primary coil, FE, is 
voltage in the secondary coil, and F’, is voltage 
in the primary -coil. This relationship can be 
arranged to express the following equation: 

E, _ I, 
E, IT, 

e. Step-up transformers are employed to 
obtain the high voltages needed in diagnos- 
tic X-ray equipment. A step-up transformer 
ean take a low voltage source (50 to 220 
volts), and increase this voltage to a value of 
30,000 to 150,000 volts (30 to 150 kilovolts) 
or more, which supplies the high voltage 
required to force electrons across an X-ray 
tube at the high rate of speed (energy) that 
will produce X-radiation. 


4-28. Transformer Types: 

a. Closed-Core. The closed-core_ trans- 
former has heavily insulated coils wound 
around a square metal “doughnut” (A, figure 
4-18). The magnetic field is provided with a 
continuous path so that a relatively small 
amount of magnetic energy is lost. The 
transformer core is laminated (made up of 
thin strips of steel pressed together). Fach 
strip or layer is insulated by paint or enam- 
el. A laminated core offers a much higner re- 
ststance to the flow of eddy curienmrs 
graph 4-29) than a core of seh consiruction. 
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The doughnut type of closed-core transform- 
er is fairly efficient, and is commonly utilized 
in X-ray generating equipment. Usually, the 
high voltage transformer is submerged in a 
special type of oil to insure maximum insula- 
tion and cooling. 


PRIMARY 














WINDING 





Le / 
ttt tH 
VAL 






i 


Figure 4-18. Transformers. 


b. Shell-Type. The shell-type transformer 
(B, figure 4-18) is considered the most effi- 
cient. Such transformers are used in trans- 
mitting commercial power. The core of the 
shell-type transformer is made of laminated 
silicon steel sheets placed on top of one an- 
other. The coils are wound around the cen- 
tral section of the core. Since the primary 
and secondary coils are wound close together 
around the core, the windings must be highly 
insulated. A special insulating material is 
coated on the wires of both coils. For the 
high voltage used in X-ray the entire trans- 
former is immersed in a container filled with 
a special insulating oil or gas. The insulat- 
ing oil also helps to cool the transformer 
during operation. 


4-29. Transformer Losses: 

a. Copper Losses. These losses are due to 
the normal resistance of the wires which 
make up the primary and secondary wind- 
inus of the transformer. This type of power 
isss con be cut dewn Ly using copper wire of 
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sufficiently large cross-sectional area to 
reduce the resistance. 

b. Eddy Currents. Eddy currents induced 
in the core cause the core to heat, resulting 
in power loss in the transformer. To reduce 
eddy currents to a minimum, the material 
making up the transformer core is laminat- 
ed, and each strip is sprayed with an insulat- 
ing coating. 

c. Hysteresis. Since the use of AC causes a 
rapidly changing magnetic field, there is a 
continuous reversal of the magnetic polarity 
in the core of the transformer. The tiny 
magnetic particles in the core are constantly 
shifted around, arranging themselves first in 
one direction and then in another, resulting 
in the development of friction between the 
molecules, which produces heat in the core. 
Since the electrical energy required to shift 
the molecules around must come from the 
primary current, some electrical energy is 
wasted. This loss, hysteresis, can be lessened 
by using a core material of high permeabili- 
ty. 


4-30. Voltage Regulators: 

a. By far, the most commonly used and 
most efficient method of varying the kilovolt- 
age output of the high tension transformer 
is the autotransformer control. If a trans- 
former is. made consisting of one continuous 
winding on a long laminated iron core and 
then voltage is applied across only one sec- 
tion of it, voltage will be induced in the turns 
that are not connected directly to the line in 
the same way as voltage is induced in the 
secondary of a conventional transformer. In 
fact, the section across which the line volt- 
age is applied is called the primary, and the 
balance of the winding is called the second- 
ary. 

b. If the voltage is measured across var- 
lous sections of a typical autotransformer, a 
situation like figure 4-19 might be present. 
By providing the autotransformer with a 
series of taps or connections to the different 
turns, there would be a convenient method 
present of getting a wide variety of voltages 
to apply to the primary of the high tension 
transformer. In the circuit shown in figure 4- 
19, the following voltages could be acquired 
by setting the selector switch on the various 
taps: (This circuit has a constant number of 
volts per turn.) 


(1) Tap #1—50 volts. 

(2) Tap #2—100 volts. 
(3) Tap #3—150 volts. 
(4) Tap #4—200 volts. 
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50 TURNS 


OUTPUT 
VOLTS 






INPUT 100 
VOLTS 


50 TURNS | 50 TURNS 


Figure 4-19. Autotransformer Circuit 


(Fixed Volts Per Turn). 


c. The same results can be obtained by 
connecting the line to a number of selected 
taps and leaving the output connected to a 
given pair of taps, as in figure 4-20. In actual 
practice, autotransformers are usually 
provided with many taps in the primary as 
well as the secondary with the result that 
you have almost unlimited choice of voltage 
outputs. The autotransformer becomes, in 
this way, the basic source of all the supply 
voltages needed for operating the many 
components of a complete X-ray generator. 

d. In figure 4-21 one side of the supply line 
is connected thru a line voltage compensator 
control (LVC). You adjust this control to 
obtain a predetermined reading on the line 
voltage compensator meter. This meter, 
sometimes referred to as a “red-line meter”, 
is connected across a few turns on the auto- 
transformer and is an indication of the 









AUTO — TRANSFORMER 
CIRCUIT — VARIABLE 
VOLTS PER TURN 


SELECTOR 


INPUT 100 
VOLTS OuTPuT 
50-100 VOLTS 


Figure 4-20. Autotransformer Circuit (Var- 
iable Volts Per Turn). 
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volts-per-turn in the transformer. When this 
is correctly adjusted, you are assured that 
the output of the autotransformer will al- 
ways be the same between a given set of 
“taps”, regardless of the line voltage. This 
compensated voltage is picked off by the 
major and minor KV selectors and supplied 
to the primary of the high voltage trans- 
former. In figure 4-21 the selector marked 
“Major” is connected to a series of taps be- 
tween which there are relatively large dif- 
ferences in voltage. The selector marked 
“Minor” gives you small voltage changes. 
Usually there are ten steps on the Minor Se- 
lector that give you the same change in volt- 
age as going from one step to the next on the 
Major Selector. With a combination of 10 
Minor and 10 Major steps one an get 100 
different output voltages. 


MAJOR 


| 


Figure 4-21. Autotransformer Circuit 
(Dual Selectors), With Line 
Voltage Compensation. 





SECTION G—RECTIFICATION 


4-31. Introduction. For efficient operation the 
X-ray tube should be supplied with DC. 
Commercial power sources supply us with 
AC, which is used to maximum advantage 
within the transformers of the X-ray ma- 
chine. Because of its configuration and prin- 
ciples of operation current can move in only 
one direction through the X-ray tube. There- 
fore the alternating current must be 
changed to a form of direct current. A simple 
way of changing AC to DC in the X-ray ma- 
chine is to allow the X-ray tube to do the rec- 
tifying (self-rectification). (See A, figure 4- 
23.) Since the X-ray tube allows current to 
flow only from the filament of the cathode to 
the anode, any current attempting to flow in 
the opposite direction reaches an impasse at 
the tube. This blocks the current n:ovirg in 


the opposite direction during that half cycle, 
and no current flows. Self-rectification is 
detrimental to an X-ray tube because the 
tube must oppose the reverse flow of elec- 
trons 60 times during each second of opera- 
tion. Moreover, if the anode becomes hot 
enough it will liberate electrons by the proc- 
ess of thermionic emission, and current will 
flow in the opposite direction, resulting in 
damage to the tube. Self-rectification is used 
only in small, portable X-ray machines; it is 
the least efficient form of rectification. 


4-32. Valve Tube Rectification. The type of 
rectifying device most commonly used in the 
past was the valve tube (figure 4-22). This is 
a vacuum tube that works on the same gen- 
eral principles as X-ray tubes, but differs in 
certain details of construction. 


CATHODE FILAMENT 





GLASS ANODE SUPPORTING 
ENVELOPE ELEMENT . 


Figure 4-22. The Valve Tube. 


a. Cathode. In a valve tube the filament is 
a coil of tungsten wire that is longer, and 
larger in diameter, than the filament of an X- 
ray tube. The filament is specially treated 
with thorium, making it possible for a great- 
er number of electrons to be liberated with a 
lower voltage filament current. The filament 
is supported by a spiral supporting element 
running into a hollow anode (figure 4-22). 
This arrangement makes use of the full 360° 
of thermionic emission of electrons. 

b. Anode. The anode has a large surface 
area and may be in the form of a cylinder, 
completely surrounding the filament. In op- 
eration, the electrons emitted from the hot 
filament are attracted in all directions to- 
ward the entire surface of the anode. 

c. Principles of Operation. The large thor- 
iated filament, when heated to a high temper- 
ature by the filament current, liberates a 
large number of electrons, many more than 


are required to maintain current flow. 


through the X-ray tube. As a result of this 
excess of electrons the voltage drop across a 
vaive tube is verv small. The voltage drop 
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across a single valve tube is usually not more 
than 3 to 5 kV. With this small voltage drop, 
the electrons cannot gain great speed, and 
therefore do not have sufficient energy to 
produce X-rays in the valve tube. However, 
if for some reason, such as reduced electron 
emission from the filament, the forward re- 
sistance of the valve tube increases to the 
point where this voltage drop becomes 12 kV 
or higher, the electrons would be accelerated 
through the valve tube at a speed which 
would produce X-radiation when they strike 
the anode. Valve tubes can be used to pro- 
duce either half-wave or full-wave rectifica- 
tion. 


4-33. Half-Wave Rectification. In producing 
half-wave rectified current, one or two valve 
tubes may be used. (B and C, figure 4-23.) If 
two valve tubes are used for half-wave recti- 
fication (C, figure 4-23), one is placed on the 
anode side of the X-ray tube and the other on 
the cathode side. The inverse voltage then is 
divided across the two valve tubes and the X- 
ray tube, thereby further increasing the 
capacity of the X-ray tube. Hence, the use of 
two valve tubes increases the efficiency of 
the X-ray tube over that of a self-rectified 
system. It should be noted that two valve 
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Figure 4-23. 
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tube rectifiers are not used for full-wave rec- 
tification in radiographic equipment. 


4-34. Full-Wave Rectification. Full-wave rec- 
tification can be obtained by the use of a 
four-valve-tube rectifier system. The valve — 
tubes are usually placed within the trans- 
former tank or housing, and are insulated by 
the oil contained in the latter. This arrange- 
ment affords protection from X-radiation in 
case of faulty tube operation, and also prov- 
ides protection against sparkover at the 
terminals of the valve tubes. The four valve 
tubes are connected so that the negative half 
of the AC cycle is re-directed. The rectifying 
action of the four valve tubes considerably 
Increases the capacity of an X-ray tube. 
Figure 4-24 shows the arrangement of a 
four-valve-tube rectifying system. For one 
given impulse, the current (indicated by the 
solid arrows) passes from the lower end of 
the secondary winding (negative pole) of the 
transformer through valve tube No. 1, 
through the X-ray tube, and finally, through 
valve tube No. 4 to the other end (positive 
pole) of the transformer. When the trans- 
former current is reversed during the next 
half-cycle, the current (indicated by broken 
arrows) passes from the upper end of the 
transformer through valve tube No. 2 to the 
X-ray tube and, finally, through valve tube 
No. 3 to reach the opposite end of the trans- 
former. In this way, both halves of each cy- 
cle of AC are applied to the X-ray tube for 
the production of X-rays. In essence a full- 
wave rectification circuit is nothing more 
than a switching network which always 
keeps the cathode of the X-ray tube connect- 
ed to the negative side of the transformer 
and the positive side connected to the anode. 
In recent years valve tubes have been re- 
placed by solid state and contact rectifiers in 
most of the new equipment. Silicon and other 
semiconductor materials as well as stacked 
selenium rectifiers are now available that 
will withstand the high voltages used in pro- 
ducing X-radiation. These devices have some 
distinct advantages over valve tubes. For 
example, they do not require filament supply 
transformers and therefore operate much 
cooler since they do not require a heated 
filament; in addition, they have a lower for- 
ward resistance which results in a lower 
voltage drop across the rectifier. This means 
less power loss in the high voltage circuit. 
These rectifiers can be used to replace the 
valve tubes in older equipment, however, the 
high voltage circuit would have to be com- 
pletely recalibrated. 
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Figure 4-24. Full-Wave Rectification. 


4-35. Method of Testing Rectifiers and Tim- 
ers. If one of the rectifiers in a full-wave 
bridge circuit is not working, the mA will be 
below normal. The spinning-top test (figure 
4-25) may be used to establish the operation 
of the rectifiers. The “top” is a flat metal 
disk with a small hole drilled near one edge 
(A, figure 4-25); it is placed above an X-ray 
film or cassette and made to spin while a 
short exposure is made. In full-wave rectified 
current of 60 cycles, there are 120 pulsations 
a second (with a half-wave rectifier there are 
60); X-rays are produced by each of these 
pulsations. The developed film will show a 
dot for each pulsation occurring during the 
given exposure time. If all four rectifiers are 
operating properly, there will be one dot for 
each 1/120 second of exposure used. For 
example, for an exposure obtained in 1/10 
second, 12 dark dots should show on the film 
(B, figure 4-25); if only 6 dots show (C, figure 
4-25) there were only 6 pulsations in 1/10 
second, indicating that only half of the 
transformer output is reaching the X-ray 
tube because one or more of the rectifiers 
requires replacement. The _ spinning-top 
method may also be used to establish the 
accuracy of the timer. 


4-36. Three-Phase. One and two-pulse volt- 
age patterns are produced by X-ray genera- 
tors designed to operate on single-phase AC. 
Generators that operate on three-phase AC 
produce six-pulse and twelve-pulse tube volt- 
age patterns. Figure 4-26 shows some char- 
acteristics of the four patterns as well as the 
alternating current from which the patterns 
are produced. Also shown is the voltage rip- 
ple, which is the difference between the peak 
and minimum voltage. Two-pulse tube volt- 
age, for example, drops to zero value after 
each peak. Consequently, two-pulse ripple is 
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Figure 4-25. Spinning-Top Test. 


100 percent. On the other hand, six-pulse and 
twelve-pulse voltages do not drop to zero 
value. In six-pulse systems the voltage only 
drops a small amount before the next pulse 
has reached the same amplitude, so six-pulse 
ripple is 13.5 percent. For twelve-pulse the 
voltage ripple is a mere 3.4 percent. 

a. Voltage ripple affects certain aspects 
of tube operation. One factor that it influ- 
ences is the speed of the electrons across the 
X-ray tube. Consider figure 4-27 which shows 
a wave pattern produced in a single-phase 
generator and another produced in a three- 
phase, twelve-pulse generator. With the two- 
pulse wave the voltage value rises to a peak 
and then falls to zero (100 percent ripple). 
This rise and fall of the voltage causes the 
kinetic energy of the electrons across the 
tube to vary accordingly. Consequently, if 
100 kVp were applied to the X-ray tube, the 
kinetic energy of the electrons would theo- 
retically range from zero, when the voltage 
value is at zero, to 100 keV, when the voltage 
value is at its peak. The twelve-pulse wave 
from a three-phase generator does not drop 
to zero, as stated earlier. It only drops 3.4 
percent below peak value. As a result, the 
kinetic energy of the electrons only drops 3.4 
percent below peak kV value. In other words, 
the kinetic energy of electrons (at 100 kVp) 
in a twelve-pulse system theoretically will 


ei 
iy 
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Figure 4-26. Characteristics of One- and Two-Pulse Single-Phase and Six- and Twelve-Pulse 


X-ray Generators. 


range from 96.6 keV to 100 keV. This means 
that the average kinetic energy imparted to 
the electrons is much higher in the twelve- 
pulse system than in the two-pulse system. 

b. When low speed electrons strike the 
target in an X-ray tube, their energy is el- 
ther converted into heat or into low energy 
photons. Consequently, since a single-phase 
system produces comparatively more low 
energy electrons, it also produces a greater 
proportion of low energy photons than a 
three-phase system. The greater proportion 
means that the average photon energy is 
less in a single-phase system. Low energy 
photons are either absorbed by filtration or 
by the patient. In either case, they usually 
serve no useful purpose in diagnostic radiol- 
ogy since they do not reach the film to con- 
tribute to the exposure. (With certain exami- 
nations such as mammography, some low 
energy photons are indeed useful since they 
contribute to the exposure. However, in this 
type of examination special techniques and 
equipment are used to effect the image form- 
ing, low energy radiation.) The penetrating 
power or quality of a beam of X-rays is gov- 
erned by photon energy; in the three-phase 
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‘Figure 4-27. Wave Patterns of Single- and 


Three-Phase Generators. 
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beam the average photon energy is much 
greater. This, of course, is assuming that 
both systems are operated at equal peak kil- 
ovoltages. Notice that the qualitative differ- 
ence in the two beams is in average photon 
energy. Both systems do in fact produce low 
energy photons. The difference is in the pro- 
portion of low energy photons which as stat- 
ed before is greater in single-phase systems. 

ce. The intensity of an X-ray beam is great- 
er with a three-phase system than with a 
single-phase system for a given tube cur- 
_ rent. Therefore, the twelve-pulse system will 
produce a given amount of radiation in a 
much shorter period of time than required 
for the two-pulse system. Figure 4-28 shows 
two-pulse and twelve-pulse wave forms. No- 
tice that image forming radiation is only 
produced at certain times with two-pulse. At 
other times, either no radiation at all is pro- 
duced (when the sine wave is at zero valve) or 
radiation is produced that has insufficient 
energy to reach the film. The twelve-pulse 
wave continuously produces image forming 
radiation because of its near constant volt- 
age level. | 

d. The average energy level of the beam of 
radiation produced by a three-phase unit 1s 
higher than that produced by a single-phase 
unit, when both are adjusted for the same 
peak kV. Therefore, to produce radiographs 
with the same general scale of contrast it 
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would be necessary to use higher kVp with 
the single-phase unit. For a given mA sta- 
tion, it would require approximately twice as 
much exposure time for a single-phase unit 
as a three-phase (twelve-pulse). Therefore, it 
is probably more logical to make the tech- 
nique compensation with kVp rather than 


mAs. If the (single-phase) kVp were in- . 


creased by 15 percent, this would increase 
the average energy of the beam to a point 
where the single-phase unit would produce 
radiographs of approximately the same den- 
sity and scale of contrast as those produced 
by the three-phase unit using the same mA 
and time (mAs) factors. In addition, the in- 
crease 1n kVp would tend to keep the ab- 
sorbed dose of the patient to a minimum. 

e. X-ray tube capacity is greater in a 
three-phase system for short exposures. One 
reason for the increased tube capacity is 
because the heat is spread over a larger area 
on the target. Figure 4-29 shows two rotat- 
ing targets. Assume that each was subjected 
to exposures of 1/60 second. Target A was 
exposed by a single-phase, two-pulse system 
while target B was exposed by a three-phase, 
twelve-pulse system. Target A shows two 
“hot spots” which would correspond to the 
peak of the two pulses produced at 1/60 sec- 
ond. Therefore, the point heat buildup at 
these “hot spots” would determine the maxi- 
mum capacity of the tube on a short expo- 
sure. Target B, on the other hand, shows no 
“hot spots” due to point heat buildup which 
results in a more even thermal load. In this 
manner the anode disk is fully exploited for 
X-ray production. The increased thermal 
capacity for X-ray tubes operated on three- 
phase is increased only for exposures less 
than 1/2 second. From 1/2 to 1 second the rat- 
ings are approximately the same as for sin- 
gle-phase. Above 1 second the ratings can be 
greater for X-ray tubes operated on single- 
phase. 

f. Special “spin-tops’” have been devised 
to test the capabilities of three-phase equip- 
ment and capacitor discharge units. These 
special tops operate in a similar manner as 
those used for single-phase units. The major 
difference is that when the top is spinning at 
a specific rpm, a strobe disk synchronizes 
with the flicker in 60 cycle fluorescent light- 
ing. With this type of spin-top the time is 
determined by measuring the length of the 
strip exposed. Since the speed of the top 


(rpm) is known, then time can be determined 


by how far it rotated during exposure. This 
tep can be used to measure exposure times 1n 
the milirsecond range. 
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Figure 4-29. Comparison of Point Heat Buildup. 


SECTION H—MAJOR X-RAY MACHINE 
CIRCUITS . | 


4-37. Introduction. The diagram of most med- 
ical X-ray units can be reduced to the follow- 
ing four basic circuits. 

a. Line-to-autotransformer circuit, which 
provides adjustments to overcome varia- 
tions of the normal incoming line. It assists 
the operator to obtain specific voltages for 
the unit’s operation. 

b. X-ray tube filament circuit, primary 
and secondary, which provides the electrical 
power required to heat the X-ray tube fila- 
ment, and means to vary the X-ray tube fila- 
ment temperature as required to control the 
tube current (quantity of radiation). 

ce. High-tension circuit, primary and sec- 
ondary, which permits development of the 
required high potential, its application 
across the X-ray tube, and adjustments 
which enable the operator to control kilo- 
voltage peak (quality of radiation). 


d. Control circuit (also called the operat- 
ing circuit), which initiates, times, and termi- 
nates the X-ray production by controlling a 
switch which connects the primary circuit of 
the high-tension transformer to the power 
source. 


4-38. Line-To-Autotransformer Circuit. Since 
most practical X-ray units operate from stand- 
ard service lines, the first circuit energized in 
any X-ray unit is the one that connects to the 
service lines. This is the circuit used to ener- 
gize all other circuits in the X-ray unit. Be- 
fore considering the circuit, consider the 
characteristics of the incoming power line. 


a. The power source voltage will vary 
from day to day or even from hour to hour, 
depending on the demands placed upon it. At 
a time when the power drain is great, the 
source voltage will be lower than normal. At 
other times when demands on the source are 
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light, the voltage will be higher. This varia- 
tion, which follows the living cycle of the 
community, is commonly called line varia- 
tion. Some X-ray unit circuits must be sup- 
plied with a specific voltage for proper oper- 
ation. Adjustments, therefore, are required 
to compensate for variations. If no attempt 
is made to correct for line variation, the pen- 
etrating ability of X-radiation produced 
would be variable, due to the changing volt- 
age applied to the circuit. Hence, the “line- 
to-autotransformer’” circuit must have some 
adjustment to compensate for different line 
voltages. In figure 4-30, adjustment B, which 
is called a line compensator, is used to cor- 
rect variations. 


Cc 


Figure 4-30. Diagram of Line-to-Auto- 
transformer Circuit. 


b. To supply the various circuits in the X- 
ray unit with the proper voltages, the volts- 
per-turn ratio of the autotransformer must 
be controlled. A voltmeter across a certain 
number of turns of the transformer is used 
to indicate when the volts-per-turn ratio 1s 
proper. When the voltmeter indicates a pre- 
determined value, the volts-per-turn ratio of 
the autotransformer is proper for the unit 
operation. 

ce. In figure 4-30, the voltmeter and the line 
compensator permit adjustment of the volts- 
per-turn ratio of the autotransformer. There 
is a single line on the face of the meter. By 
manipulating the line compensator, switch 
B, the technologist adjusts the circuit until 
the pointer is aligned with this line, thus 
assuring the proper volts-per-turn ratio of 
the autotransformer. In some equipment this 
is accomplished automatically by voltage 
regulating circuits. 

d. The line strap, C, is a major adjustment 
to be made by the medical repairman at the 
time of installation. This adjustment is not 
available to the X-ray technologist. 

e. A main switch is used to connes Or dis 
connect the unit soe ee CPNGOG: die, Oe 
switch has two sect. 1% 1 eas) Bae of 
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the incoming line. A ground wire connects to 
the frame of the unit. This ground wire will 
protect the operator from electrical shock, 
should one of the wires of the incoming line 
become short-circuited to the chassis of the 
unit. 


4-39. X-Ray Tube Filament Circuit. The X- 
ray tube filament, as used in medical radio- 
graphy, must be heated until incandescent. A 
relatively high current is required to pro- 


duce this temperature. The autotransformer 


is used as the power source for the primary 
of a step-down transformer (filament trans- 
former) to produce the high current at a low 
voltage. The filament transformer also iso- 
lates the high voltage, which appears across 
the X-ray tube, from the autotransformer 
circuit. 

a. A basic X-ray tube filament circuit is 
seen in figure 4-31. The autotransformer 
serves as the power source. In series with the 
primary of transformer T1 is an adjustment 
called the filament control. The X-ray tube 
current is controlled by this adjustment 
which permits variations in the X-ray tube 
filament temperature. T1 is a step-down iso- 
lation-type transformer with the filament of 
the X-ray tube connected directly across the 
secondary winding. 

b. Additional devices are found in most X- 
ray tube filament circuits. Some of these ad- 
ditions are seen in figure 4-32. They include a 
filament limiter and a filament meter. 

(1) The Filament Limiter. This is an ad- 
justable (strap-type) resistor which is not 
available to the operator. By adjusting this 
resistor, the equipment repairman can limit 
the maximum tube current. This adjustment 
is needed to keep the X-ray tube within safe 
operating limits. 

(2) The Filament Meter. A meter placed 
in the filament circuit can be used to good 
advantage. The X-ray tube filament temper- 
ature determines the X-ray tube current. 
This temperature is a function of the voltage 
and current of the primary of the X-ray tube 
filament circuit. Either a voltmeter or an 
ammeter on the primary circuit can be used 
to predict, with accuracy, the X-ray tube 
current before high voltage is applied to the 
tube. An ammeter and voltmeter are shown 
in figure 4-32. Normally only one of these 
meters would be needed. Either meter, when 
used, requires preparation of a chart corre- 
lating the meter readings with the actual 
milhamperage obtained during exposure. 
The use of a fixed resistance selector method 
as shown un feure 4-53 eliminates the need 
Fora tiement amineter. 
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Figure 4-32. Diagram of X-ray Tube Filament Circuit With Additions. 


4-40. High-Tension Circuit. The high-tension 
circuit uses a step-up transformer to develop 
the thousands of volts needed to produce X- 
radiation. It is easier to discuss the high- 
tension circuit, its installation and trouble- 
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Figure 4-33. X-ray Tube Filament Circuit 


Using Fixed Resistance In- 
- gtead of an Ammeter. 


shooting, if the primary and secondary cir- 
cults are discussed separately. 

a. The primary of the high-tension circuit 
(PHT) includes electrical devices and conduc- 
tors from the power source to the primary 
winding of the high-tension transformer and 
back to the power source. The power source 
is the autotransformer. The electrical de- 
vices incorporated within the basic PHT cir- 
cult of any X-ray unit include: a means of 
adjusting the potential applied to the high- 
tension primary winding, thus varying the 
potential applied to the X-ray tube, a provi- 
sion for closing and opening the PHT circuit, 
and some means of indicating the potential 
produced across the X-ray tube. 

(1) In figure 4-34, the PHT circuit begins 
at the autotransformer at the major kilo- 
voltage selector, A, through the primary 
winding to the contact points, C, then to the 
minor kilovoltage selector, B, then back to 
the autotransformer. 
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Figure 4-34. Self-Rectified Circuit (D) mA Ajuster; (E) mA Adjuster Limiter. 


(2) The major and minor kilovoltage se- 
lectors are rotary tap switches. They pro- 
vide a means of increasing or decreasing the 
peak kilovoltage across the X-ray tube by 
varying the potential across the primary 
winding of the high-tension - transformer. 
The major kVp-selector usually adjusts in 
increments of 10 kVp, whereas the minor 
kVp-selector adjusts in increments of 1-2 
kVp. Therefore, if the major kVp-selector 
were provided with ten steps and the minor 
with ten steps, it would yield a possibility of 
100 different values. 

(3) The contact points, C, are used to 
close and open the primary high-tension cir- 
cuit. As long as these points are open, there 
will be no high voltage impressed across the 
X-ray tube, and there will be no X-radiation 
by the tube. These points are a normally 
open relay, the coil of which is located in the 
operating circuit. | 

(4) The kilovoltage selectors must not 
be rotated when the PHT circuit is ener- 
gized; if this precaution is ignored, severe 
arcing will damage the selectors. 

(5) The pre-reading kVp meter is con- 
~ nected across the primary of the PHT. Al- 
though this meter is monitoring the low volt- 
age input to the high tension transformer, it 
is scaled to indicate the high voltage pro- 
duced in the secondary of this transformer. 

b. The secondary of the hieh-tension cir- 
cult (SHT) consists of tee secondary winding 


of the high-tension transformer, the X-ray 
tube, and the milliammeter. In a self-rectified 
circuit the X-ray tube is connected directly 
across the secondary of the transformer. 
The voltage impressed across the X-ray tube 
is AC as pictured in figure 4-35. The X-ray 
tube is a high-vacuum, unidirectional cur- 
rent device. The current flow is half-wave, 
pulsating direct current, also shown in fig- 
ure 4-35. 

(1) At extremely high energies and an- 
ode temperatures, electrons may be freed 
from the anode, and the tube will fail as a 
rectifier. Inverse current, which then flows, 
subjects the filament to electron bombard- 
ment and may result in damage. Also, gases 


Vy 


A VOLTAGE 


| | 
lB CURRENT 


Figure 4-35. Wave Forms in (A) Voltage; 


(15) Current SLT, 
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are liberated at the anode at this elevated 
temperature, and the vacuum of the tube is 
impaired. For this reason, tubes must be 
protected against such high-energy opera- 
tion. Tube rating and cooling charts provide 
this safeguard when properly consulted and 
used. 

(2) The secondary winding of the high- 
tension transformer is grounded at the cen- 
ter of the secondary windings, and the mil- 
liammeter is connected at this point. The 
high-tension (shock-proof) cables, which 
connect between the secondary winding and 
the X-ray tube, are designed for use with 
center-grounded secondary windings. With- 
out the center tap ground, the insulation 
requirements of the high-tension cable would 
double, and the cable would then be cumber- 
some and more costly. The milliammeter is 
located on the control panel for convenience; 
consequently, for safety purposes, it must be 
grounded. Since the meter is a low-resistance 
device, the voltage drop across it to the cen- 
ter tap ground will be only a few volts; how- 
ever, if the meter were not grounded, then 
high-voltage insulation of the meter and 
leads to it would be required. Figure 4-36 
shows the secondary high-tension circuit 
with rectifiers inserted for full-wave rectifi- 
cation. 


4-41. Control (Operating) Circuit. The fila- 
ment circuit controls the quantity of X-ra- 
diation. The high-tension circuit controls the 
quality of X-radiation. In medical radiogra- 
phy, time must be closely controlled. In some 
units, exposures can vary from milliseconds 
up to 10 or 12 seconds. Most techniques de- 
mand that the timing of exposures be accur- 
ately controlled within very narrow limits. 
The control of X-radiation production is 
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~ accomplished through application or remov- 


al of the high potential across the X-ray 
tube. This is usually done by closing and 
opening a relay or other switching device in 
the primary of the high-tension circuit. The 
length of time'this circuit is activated is de- 
termined by the exposure timer. 


4-42. Sample Circuit of a Full-Wave, Rectified 
X-Ray Machine: 

a. Figure 4-37 shows a circuit for a com- 
plete, full-wave, rectified X-ray machine. 
Although this is a theoretical circuit, it con- 
tains all the essential components to make it 
work. 

b. The line-to-autotransformer circuit 
starts at L1, L2, and ground. It goes to the 
fuses F1 and F2, then to the main switch as- 
sembly. The circuit on the side of L1 goes to 
the line compensator and finally to the auto- 
transformer. The circuit on the side of L2 
goes to the voltage-adjust strap and then to 
the autotransformer. 

c. The filament circuit is connected to the 
autotransformer at point B. This line goes 
directly to one side of the primary in the 
filament transformer, PFT. The other side of 
the line leaves point C and goes to the mA- 
selector. At this point it can be connected to 
one of the four milliamperage stations. No- 
tice that each station is a variable resistor. 
This adjustment makes. it possible to cali- 
brate the various milliamperage stations. 
From the mA-selector the line goes to the 
other side of the primary filament trans- 
former. The secondary coil of the filament 
transformer, SFT, is connected directly to 
the cathode of the X- -ray tube. 

d. The primary of the high voltage circuit 
originates at the autotransformer with the 
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Figure 4-36. SHT with Valve Tube Rectifiers for Full-Wave Rectification. 
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Figure 4-37. Full-Wave Rectified Circuit for X-ray Machine. 


kilovoltage selectors. It should be noted that 
the major kilovoltage adjustments are in 
steps of 10 kV each. The major kilovoltage 
selector line goes directly to one side of the 
primary coil of the high-tension transform- 
er, PHT. 

e. The minor kilovoltage selector is set in 
steps of 2 kV each. The minor kilovoltage 
line goes from the autotransformer to the 
contactor assembly which consists of a set 
of surge points, surge resistor, and main 
points. 

f. The surge points come in first and bring 
in the surge resistor. This momentary clos- 
ing brings the PHT in, but limits the current. 
The main points come in shorting the surge 
points and resistor out and allowing the full 
current flow in the PHT. 

g. Energizing the PHT energizes the sec- 
ondary coil of the high-tension transformer 
(SHT). Current flows from the secondary 
transformer coil through the rectifier cir- 
cuit, X-ray tube, and back to the transform- 
er. Silicon rectifiers (as indicated by their 
symbol) can be used in this bridge circuit. 
The milllamperage meter is connected in se- 
ries in the center of the transformer and 
grounded so that the most voltage that will 
appear on it at any time will be the voltage 
drop across the meter to ground. 

h. The control circuit begins at point A of 
the autotransformer. The line goes directly 


to one side of the contactor coil. The contac- 
tor coil 1s energized by closing either the 
hand switch or foot switch connected to line 
C. In reality, the exposure timer would be 
connected between the hand/foot switch and 
the coil ofthe contactor. 

1. Other circuits are found in an X-ray 
machine, but those described here are essen- 
tial for operation and control of both the 
quantity and quality of radiation produced. 


SECTION I—ELECTRICAL HAZARDS 
AND PROTECTION 


4-43. Introduction. Electrical shocks do not 
just happen—they are caused. Generally, 
they are the result of carelessness or igno- 
rance. The radiologic technologist operates 
elaborate electronic equipment. The mainte- 
nance of this equipment 1s not his responsi- 
bility. However, he must understand the ba- 
sic principles of electrical protection so he 
can recognize potential hazards and take 
actions to have them eliminated before an 
accident does occur. 


4-44. Fuses—Machine Protection Only. Fuses 
and circuit breakers are protective devices. 
However, a fuse does not offer any protec- 
tion for the technologist or the patient. It 
protects only the equipment. This point must 
be remembered so you will not have a false 
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sense of security when you work around 
fused electrical circuits. The circuit shown in 
figure 4-38 has a 15 ampere fuse. If the cur- 
rents through resistors 1, 2, and 3,are added, 
they total 14.5 amperes. This is close to the 
maximum current carrying ability of the 15 
ampere fuse. Figure 4-39A shows the same 
circuit with an additional parallel branch—a 
human body. Let us assume that the electri- 
cal resistance of the body is 11,000 ohms 
(figure 4-39B). The current through the body 
as determined by Ohm’s Law is 


E110 
I= Ror 11000 equals 0.01 amperes; 


therefore connecting the human body has 
increased the total current through the fuse 
from 14.5 to 14.51 amperes. Obviously, not 
annee to burn out the fuse—but enough to 
kill. 


18 Ampere Fuse 








|, = 10 Amp 


Ry = WQ 





Figure 4-38. Circuit Showing Approximate 
Maximum Current Carrying Ability of a 
15 Ampere Fuse. 


15 Ampere Fuse 





18 Ampere Fuse 


1, = 0.01 Amp 
Rg = NOOON 





Figure 4-39. Representative Parallel Circuit 
With Human Body (A) Added as One Ele- 
ment, and (B) Ohmic Value of Human Body 
Computed. 
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a. Fuse Ratings. The rating of a fuse for a 
particular circuit is based on the amount of 
current that the circuit is designed to carry 
under normal operating conditions. If a fuse 
burns out, it should be replaced with a fuse 
of the same rating. Under no conditions 
should the fuse be replaced with one that has 
a higher rating. Furthermore, if the replaced 
fuse burns out again, turn off the equipment 
and initiate actions to have the equipment 
repaired. 

b. Fuse Overloads. Electrical fires are fre- 
quently caused by circuit overloads. For 
instance, if someone replaces a 15 ampere 
fuse with one rated at 30 amperes, the cur- 
rent in the circuit would have to double be- 
fore the fuse would burn out. Besides damag- 
ing the equipment, the increased current 
could generate enough heat to cause a fire. 


4-45. Severity of Electrical Shock. The severi- 
ty of an electrical shock is primarily deter- 
mined by the amount of current and the area 
of the body that is involved. 

a. Effects of Amperage. No medical au- 
thority will state the minimum amount of 
current required to kill because there are 
many factors involved. 

(1) However, some approximate values 
of electrical current and their associated 
physiological effects are: 

(a) 0.001 Amperes. Threshold of per- 
ception. Sensation of tingling. 

(b) 0.016 Amperes. “Can’t-let-go-cur- 
rent.” Level of current where subject is una- 
ble to release grip on the electrical conduc- 
tor. 

(c) 0.050 Amperes. Pain, possible 
fainting, exhaustion, mechanical injury. 
Heart and respiratory function would prob- 
ably continue. 

(d) 0.100-3.0 Amperes. 
fibrillation. 

(2) Some important factors that deter- 
mine whether or not an electrical shock is 
fatal are: the person involved and his state 
of health, the area of the body involved, and 
the length of time the shock is received. 

(a) Electrical shock can have both 
psychological and physiological effects. In 
the case of elderly people or those in poor 
health, an electrical shock that would other- 
wise be minor could trigger a fatal heart 
attack. It is generally recognized that a cur- 
rent of 0.001 amperes through the body will 
give a sensation of tingle. Although not 
sufficient to kill, it is sufficient to bring about 
a psychological reaction that could result in 
death. Consequently, to be safe—it is best to 
prevent any type of electrical shock. 


Ventricular 
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(b) The area of the body involved in an 
electrical shock is very important. If a cur- 
rent of 0.050 amperes flows from the hand to 
the elbow, the effects would probably be 
minor. On the other hand, if the same amount 
of current would flow from hand-to-hand 
through the heart, it could be fatal. 

(c) The length of time the shock is re- 
ceived is a very important factor. If the 
shock is of short duration, the chances of 
survival are much better. 

b. Effects of Resistance. Because current 
determines the severity of an electrical 
shock, the goal of electrical protection must 
be to reduce electrical currents through the 
body to an absolute minimum. The voltage in 
an electrical circuit does not change simply 
because a person decides to be careless and 
touch it. According to Ohm’s Law, the only 
current limiting factor over which you have 
control is the resistance. Electrical protec- 
tion, therefore, is based on the premise of 
reducing electrical currents through the 
body by offering a very high resistance to 
current flow. 

(1) Let’s assume that an _ individual 
touching the 110 volt line has dry hands and 
represents a resistance of 22,000 ohms. Ac- 
cording to Ohm’s Law, the current would be 
0.005 amperes. This would probably cause an 
unpleasant tingle, and the individual would 
quickly withdraw his hands from the circuit. 

(2) Inthe same situation, if the individu- 
al had wet hands, the body resistance could 
decrease to 5,500 ohms. As a result, the cur- 
rent would increase to 0.02 amperes which 
would probably be enough to make it difficult 
for the victim to free himself from the cir- 
cuit. 

(3) If, however, the individual touches 
one side of the circuit with rubber gloves, the 
high resistance of the rubber increases the 
total body resistance, and as a result, the 
body current is too low to be detected by the 
individual. 

(4) The resistive values of the preceding 
examples were approximate. Their exact 
value would depend on many other factors 
such as area of contact, callous formation, 
moisture of the hands, et cetera. The point 
you should remember is that a given voltage 
may be harmless under certain conditions 
and kill under slightly different conditions. 

(5) It has been determined that the 
amount of current determines the severity of 
an electrical shock, and that for a given volt- 
age the current can be decreased by increas- 
ing the resistance. Therefore, the voltage 
required to produce a given amount of cur- 
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rent depends on the resistance of the con- 
ducting pathway. For example, a patient 
undergoing heart catheterization could be 
accidentally electrocuted by 10 volts or less 
because the skin resistance is bypassed by 
catheters and wires. 


4-46. Grounding. Proper grounding of equip- 
ment is the most effective way of reducing 
electrical hazards. Proper grounding of 
portable electrical equipment can _ be 
achieved with polarized three prong plugs. 
Permanently installed equipment, such as 
the X-ray table, tube stand, fluoroscopic 
apparatus, et cetera, are all connected to a 
common ground. The purpose of the common 
ground is to insure that there is no difference 
in potential between the chassis of the var- 
ious pieces of equipment. 

a. Polarized plugs (figure 4-40) assure 
proper grounding by the use of three prongs. 
The third prong connects the casing of the 
equipment to ground—thus preventing the 
possibility of a potential difference between 
the equipment and ground. Unfortunately, 
too often the safety features of the three 
prong plug are voided by removing the 
ground connector to fit the three prong plug 
to a two prong outlet. 





Figure 4-40. Three-Prong Polarized Plug. 


b. Another common blunder is to use an 
adapter to connect the three prong plug to a 
two prong outlet without using the ground 
wire. If, for some reason, a three prong plug 
must be connected to a two prong outlet, the 
ground wire of the adapter should be con- 
nected to the center screw of the cover plate 
(figure 4-41). 
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Figure 4-41. 


Three-Prong Adapter. 


4-47. Common Danger Areas. In order to 
function safely, the radiologic technologist 
must know some common danger areas within 
an X-ray department, and how he can con- 
tribute to preventing electrical shock to him- 
self, the patient, and to fellow technologists. 


a. Equipment should be inspected daily for 
frayed wires and loose connections. If dis- 
crepancies are found, they are reported to 
the department supervisor immediately so 
that he/she can initiate actions to have the 
equipment repaired. 

b. Always make sure that any accessory 
equipment used is grounded to the same 
ground point as the fixed equipment. Danger- 
ous voltages can exist between different 
equipment unless each item uses a common 
ground. In the special procedure room this 
becomes extremely important since a number 
of electrical devices may be connected direct- 
ly to the patient. Without the skin resist- 


ance, electrocution can result from very low 
voltages. 

c. The darkroom is always a danger spot. 
Wet floors and water pipes provide good 
connections to ground. Be careful not to 
connect yourself into the circuit by touching 
ground with one hand and an electrical volt- 
age with the other at the same time (one 
hand rule). Again, if the casings of all elec- 
trical items are properly grounded, the po- 
tential differences between the equipment 
and ground are eliminated. 

d. Portable radiographic units should 
never be used unless they are properly 
grounded. If a three prong plug is not availa- 
ble, the casing of the portable can be ground- 
ed to a radiator or water pipe. Before using 
radiators or water pipes as a ground connec- 
tion, let the medical maintenance technician 
check them out to make sure that they con- 
stitute a ground. At times a plastic pipe or 
connector may insulate them from ground. A 
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radiologic technologist is not an equipment 
repairman. Except for minor maintenance, 
repairs should be done by qualified mainte- 
nance personnel. 


4-48. Rescue of Electrical Shock Victims. 
Although necessary precautions have been 
taken, electrical shock can still occur. When 
and if it occurs, you the technologist must be 
familiar with the procedure for rescuing the 
victim. 

a. First, you should check to see that 
whatever shocked the victim does not pose 
any danger to you, too. If the victim is still in 
contact with the source of electricity, you 
must separate the patient and the source, or 
the next person to come along will have two 
people to rescue. 

b. If you can remove the danger by turn- 
ing the power off, do it! If that seems to be 
impossible or impractical, use a stick or any 
other object made of a nonconductive materi- 
al to separate the victim from the source of 
shock (figure 4-42). 





Figure 4-42. Removing the Source of Shock 


From the Electrical Shock 


Victim. 
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ec. If you cannot remove the source of 
shock, then remove the victim. Touching 
only his clothes or using some other type of 
nonconductor, drag the patient to safety 
(figure 4-43). Whatever you do—Do it fast! 
The sooner resuscitation is started, the bet- 
ter the victim’s chances of survival. (See 
chapter 9 for mouth-to-mouth and closed 
chest massage resuscitation procedures.) 

d. The best weapon against electrical 
shock is a knowledge of electricity and com- 
mon sense. Ignorance, when handling elec- 
tricity, can be a passport to death. 


a) he 
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Figure 4-43. Separating the Electrical 
Shock Victim From the Source 


of Shock. 
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Chapter 5 
X-RAY TUBES 


5-1. Introduction. X-rays are produced when 
high speed electrons undergo a loss of ener- 
gy in matter. The loss of energy and subse- 
quent generation of X-rays occurs in one of 
the following ways: either the electrons are 
decelerated, or they collide with atomic nu- 
clei and orbital electrons. The three condi- 
tions necessary for the production of X-rays 
are: 

a. Asource of electrons. 

b. A means of accelerating the electrons. 

c. A target in which the kinetic energy of 
the electrons is converted into X-rays. 


5-2. The Production of X-Radiation. For the 
purpose of simplification the production of 
X-rays can be divided into three steps: (1) the 
filament is heated by an electric current 
causing it to emit electrons (figure 5-1A); (2) 
high voltage is applied across the X-ray tube 
to accelerate the electrons toward the target 
(figure 5-1B); and (8) the high-speed electrons 
are rapidly decelerated by the target and 
produce X-radiation (figure 5-1C). 

a. The first step provides a means of con- 
trolling the quantity of X-radiation. As a 
higher mA station is selected on the X-ray 
generator, it raises the filament temperature 
of the X-ray tube, which in turn increases 
electron emission. (Because the filament 
reaches extreme temperatures, it is usually 
made of tungsten, which has a melting point 
of 3,370°C.) If a lower mA station is selected, 
the filament temperature and the rate of 
emission will decrease. Consequently by 
varying the mA station, the quantity of X- 
radiation can be varied. The last statement 
applies only to a set period of time. Natural- 
ly the elapsed time of X-ray production will 
also affect quantity. The relationship be- 
tween exposure time and mA is covered in 
chapter 6. 

b. The second step (acceleration of the 
electrons) controls the quality of the X-rays. 
When voltage is applied across the tube, the 
anode becomes positively charged with re- 
spect to the cathode and the electrons are 
repelled by the cathode and attracted by the 
anode. The higher the voltage, the greater 
the speed of the electrons. The higher speed 
increases the energy range of the photons. 
In other words, by varying the kilovoltage 
(kVp) we can vary the quality of the X-rays. 

c. The process by which X-radiation is 
produced when electrons strike the target 


(step 3) is described in chapter 2 and will not 
be repeated here. However, the target plays 
an important role in other areas as will be 
explained later in this chapter. 





Figure 5-1. The Production of X-radiation. 


5-3. Development of X-Ray Tubes. The Hit- 
torf-Crookes tube, used by Roentgen in his 
discovery, had no target as such. The X-ra- 
diation was produced in the glass wall of the 
tube when it was bombarded by the cathode 
rays (accelerated electrons), as seen in figure 
5-2. The glass wall was not suitable for the 
X-ray source because it could not withstand 
the heat generated by the electron bombard- 
ment and because it was too large to produce 
detailed radiographs. Consequently, one 
major step in the development of X-ray tubes 
was to place a metallic target inside the tube 
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and direct the electrons to it instead of al- 
lowing them to interact with the glass wall. 
Not only did the metallic target better with- 
stand the heat, but it also reduced the size of 
the X-ray source and enhanced radiographic 
detail. 


X—RAYS 







ANODE 
CATHODE 


ret 


CATHODE RAYS 
(ACCELERATED ELECTRONS) 


GLASS WALL 


Figure 5-2. Hittorf-Crookes Tube. 


a. Although the addition of the metallic 
target was a significant improvement, the 
early tubes still presented some serious 
problems. One of the problems stemmed from 
the method by which the electrons were ob- 
tained. Rarefied gas in the tube was partial- 
ly ionized, and the positive ions in the gas 
were attracted by the negatively charged 
cathode, striking it with sufficient energy to 
release electrons from its surface. The elec- 
trons thus released were accelerated by the 
electric field between the cathode and the 
anode. A major problem with these tubes was 
lack of control over both the quantity and 
quality of the X-radiation because of varia- 
tions in gas pressure as the tube warmed up. 

b. Gas tubes were used until 1913 when W. 
D. Coolidge introduced the “hot cathode” 
tube. With the Coolidge tube electrons are 
obtained by heating a wire filament to incan- 
descence by a low voltage current. At incan- 
descent temperatures the filament emits elec- 
trons by a process known as thermionic 
emission. Gas is undesirable; consequently, 
the best possible vacuum is used. In the hot 
cathode tube, the number of electrons, and so 
the quantity of X-rays, is: easily regulated 
by adjusting the temperature of the filament. 
In addition, electron speed and so the quality 
of X-rays 1s easily regulated in the vacuum 
simply by adjusting the strength of the elec- 
tric field between the cathode and anode. 

ec. Other major advances in the develop- 
ment of X-ray tubes are the rotating anode, 
and the grid-controiled tube. Both are de- 
scribed later inthis chapter. 
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5-4. Target Material. Since early in the devel- 
opment of X-ray tubes, tungsten has been 
used as the material for target construction. 
One reason for this is its high atomic number 
(74). As the atomic number of the target in- 
creases, so does the energy of its character- 
istic radiation. As described in chapter 2, the 


energy of characteristic radiation produced . 


in tungsten reaches 69.5 keV, a value which 
is considered useful in conventional radio- 
graphy. A target with a higher atomic num- 
ber would produce more energetic character- 
istic radiation and therefore would seem bet- 
ter suited for X-ray production. However, 
target material must meet other require- 
ments in addition to the high atomic number. 

a. One such requirement is a high melting 
point. The production of X-rays is a very 
inefficient process as less than 1 percent of 
the energy supplied to the X-ray tube is con- 
verted into X-rays. The remaining 99 percent 
is converted into thermal energy (heat). Con- 
sequently, the target temperature frequent- 
ly reaches high proportions. Tungsten’s 3,- 
370° C melting point makes it suitable to 
withstand high temperatures. The target 
must also be able to conduct the heat away 
as it is generated in order to keep tempera- 
tures below the melting point. Tungsten’s 
heat conductivity, while not extremely high, 
is considered acceptable in view of its other 
excellent characteristics. 

b. Some X-ray targets are constructed 
with a rhenium-tungsten alloy. The addition 
of rhenium makes the target surface more 
resistant to surface etching at high temper- 
atures. 

c. Molybdenum is used for the target ma- 
terial in some X-ray tubes made especially 
for mammography. The characteristic radia- 
tion produced in molybdenum is somewhat 
lower than that produced in tungsten, which 
makes the X-ray beam more suitable for 
mammography. 


5-5. Anode Construction. Even with tung- 


sten’s high melting point, overheating of the 
target to the point of melting, cracking, pit- 
ting, et cetera is a continuing problem. One 
way to provide better heat dissipation is to 
embed the tungsten in copper as illustrated 
in the stationary anode in figure 5-3. Copper 
has a higher heat conductivity than tung- 
sten, and therefore carries the heat away 
quicker. Another way to reduce point heat 
buildup is to retate the anode, as seen in 
figure 5-4. By continuous spinning of the 
target, the focal spot presented to the elec- 


( 
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tron stream is always changing. This 
spreads the electrons and consequently the 
heat over a larger area. Most modern X-ray 
tubes have a rotating anode. In some special- 
purpose tubes the anode can be rotated at 
speeds up to 10,000 rpm. 





TUNGSTEN TARGET COPPER 


Figure 5-3. Tungsten Target Embedded in 
Copper. 


ROTATING ANODE 
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Figure 5-4. Rotating Anode. 


FRONT VIEW OF 


5-6. Focal Spot (Actual). Electrons are fo- 
cused to a specific area on the target by 
means of a focusing cup. The focusing cup 1s 
merely a depression in the cathode structure 
which partially surrounds the filament. That 
area of the target bombarded by the elec- 
trons is known as the actual focal spot. The 
actual focal spot and the focusing cup are 
illustrated in figure 5-5. The size of the ac- 
tual focal spot significantly affects the heat- 
loading capacity of the tube. With larger 
focal spots greater heat loading is possible. 
The size of the focal spot is determined by a 
combination of three factors: (a) the size and 
shape of the filament, (b) the size and shape 
of the focusing cup, and (c) the angle of the 
target surface. 


5-7. Focal Spot (Effective). The focal spot, as 
it appears from directly beneath the tube at 
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Figure 5-5. Focal Spots and Focusing Cup. 


right angles to the electron stream, is called 
the effective focal spot and is also shown in 
figure 5-5. The size of the effective focal spot 
is a very important factor in a diagnostic X- 
ray tube because it affects the detail on a 
radiograph; that is, the smaller it is, the bet- 
ter the detail. The size of the effective focal 
spot is determined by the size of the actual 
focal spot and the angle of the target. 


5-8. Line Focus. For maximum effectiveness 
a diagnostic X-ray tube should provide an 
actual focal spot large enough to permit the 
necessary heat loading and an effective focal 
spot small enough to produce optimum de- 
tail. This is accomplished in part by the ap- 
plication of the line focus principle. For the 
purpose of line focus, the X-ray tube is de- 
signed so that the electrons bombard a rec- 
tangular area on the target surface. A spe- 
cific target angle will then produce an effec- 
tive focal spot which will be approximately 
square and much smaller than the actual 
focal spot. Figure 5-6 shows two different 
targets with angles of 207° and 40°. As you 
can see, both targets produce effective focal 
spots of equal size, but the actual focal spot 
at 20° is considerably larger. Consequently, 
the 20° tube produces a relatively large ac- 
tual and a relatively small effective focus. 


5-9. Anode Heel Effect. Because the anode is 
angled, the intensity of the X-ray beam 
along the longitudinal axis of the tube var- 
ies. This variation in intensity results from 
absorption of some photons by the target 
itself. Consider figure 5-7 where several pho- 
tons are given off at a point within the tar- 
get. Those photons which make up the anode 
side of the X-ray beam stand a greater 
chance of being absorbed because they have 
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Figure 5-6. Line Focus. 
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Figure 5-7. The Cause of the Anode Heel 
Effect. 


to travel through more target material than 
those which make up the cathode side of the 
beam. (Notice the different distances from 
the point where the photons are given off to 
the edge of the target.) Consequently, the 
intensity of the X-ray beam is greater on the 
cathode side than on the anode side. This 
nonuniformity is known as the anode heel 
effect. 

a. The anode heel effect can be used to an 
advantage when X-raying parts of uneven 
thickness and/or density, such as the lower 
leg. By placing the proximal end of the leg 
under the cathode side of the tube, the fin- 
ished radiograph would have balanced densi- 
ty. On the other hand, a disadvantage of the 
heel effect can be experienced when parts of 
even density and thickness are X-rayed. Fig- 
ure 5-8 shows intensity percentages caused 
by the heel effect with a 20° target at various 
emission angles. Note the percentages at A 
and B as well as all points in between are the 
same as those at C and PD. If a radiograph 
were made of part #1, using film #1la, the 
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intensity spread over the film would be 85 
percent to 104 percent, a difference of 19 
percent, which would be negligible. But if a 
radiograph were made of part #2, using film 
#2a, the intensity spread would be 31 per- 
cent to 95 percent, a difference of 64 percent, 
which is not tolerable for interpretation. 
From the above information one can see that 
the focal film distance and therefore the area 
of the X-ray beam to be used must be consid- 
ered in connection with the heel effect. In 
other words, the anode heel effect can cause 
an exposure problem at short focal film dis- 
tances while at long focal film distances the 
problem is less likely to exist. 


PART 1 
FILM le 





ANGLE OF 
EMISSION 40° 36° 32° 28° 24° 20° 16° 12° g¢ «4° Of 


9S% 102% 105% 104% 103% 100% 95% B5% 73% 56% 31K 
APPROXIMATE BEAM INTENSITY 
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Figure 5-8. Anode Heel Effect (20° Anode). 


b. The intensity percentages given in fig- 
ure 5-8 are specifically for a 20° target. As 
the target angle becomes smaller, the differ- 
ence in the intensity percentages becomes 
greater, which in effect is further nonuni- 
formity of the X-ray beam. Hence, when us- 
ing tubes with small target angles, extra 
care should be taken to avoid the unbalanced 
density that the anode heel effect can cause 
on radiographs. 


5-10. X-Ray Coverage. The target angle also 
affects the total area of X-ray coverage. As 
the angle is reduced, so is X-ray coverage, as 
seen in figure 5-9. The 10° target has less 
coverage than the 20° target at an equal 
distance from the tube. X-ray coverage 
usually is of no consequence, but with small 
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target angles it may interfere with certain 
examinations. For instance, a 12° target at a 
40-inch FFD will only cover an areawith an8 
1/2-inch radius and a 10° target at a 40-inch 
FFD will only cover an area with a 7-inch 
radius. Clearly, these two targets will not 
cover a 14 X 17 film at 40 inches since an 11- 
inch radius is needed to cover the 14 X 17. To 
determine X-ray coverage, use the following 
formula: the tangent of the target angle 
(tan) times the focal film distance (FFD) 
equals the radius of the area covered (RC) or 
tan X FFD = RC. Example: If the target an- 
gle is 20° and the FFD is 40 inches, the radius 
of the covered area would be 14 1/2 inches 
since the tangent of 20° is 0.364. 


z= \ A 


Figure 5-9. Target Angle and X-ray Cover- 
age. 


b. The anode heel effect also requires spe- 
cial consideration with a tube having limited 
coverage. As described in paragraph 5-9a, 
the heel effect is most critical when a large 
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part of the X-ray beam is used. Because of 
the limited coverage, there is a smaller X-ray 
beam available with a small target angle. 
This smallness of the beam necessitates us- 
ing a larger part of the beam. Figure 5-10 
shows two targets (10° and 20°) and the X- 
ray coverage they produce. Obviously a 
larger part of the beam would be used with 
the 10° target. 


5-11. Grid-Controlled Tube: 

a. To prevent relay damage due to arcing, 
an X-ray exposure is normally synchronized 
to the line voltage so that it begins and ends 
when the sine wave is at zero value. With 
this system, in a single-phase generator the 
shortest exposure possible is 1/120 sec since 
the sine wave reaches zero value every 1/120 
sec. With a grid-controlled tube the exposure 
is also synchronized with the line voltage, 
but it does not necessarily begin and end at 
zero value. It can be synchronized to a par- 
ticular portion of the sine wave. Figure 5-11 
shows two wave forms with exposures of 1/ 
120 sec on a conventionally timed tube and 1/ 
360 sec on a grid-controlled tube. Since the 
conventional exposure should begin and end 
at zero value, it must encompass one com- 
plete pulse. On the other hand, the grid-con- 
trolled exposure indicated here includes only 
the middle third of the pulse. Even shorter 
exposures are possible with grid-controlled 
tubes, and this makes them desirable for 
examinations requiring very short expo- 
sures. When a grid-controlled, short expo- 
sure is used such as is demonstrated in figure 
5-11, the radiation dose to the patient is re- 
duced. The reduction occurs because the ex- 
posure does not encompass the portions of 
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Figure 5-10. How X-ray Coverage Affects the Anode Heel Effect. 
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the wave that produce only lower energy 
photons. The patient dose is also reduced 
when grid-controlled tubes are used with 
cinefluorography because X-ray production 
can be synchronized with the cine camera. 
The synchronization reduces the radiation 
dose to the patient because X-rays are pro- 
duced only when the shutter is open. (Cine- 
fluorography is covered in chapter 12.) 

b. In addition to the two conventional ele- 
ments, the cathode and anode, the grid-con- 
trolled tube has a third element or grid. The 
grid, which is actually the focusing cup, is 
electrically isolated from the filament. In 
operation negative (bias) voltage is applied 
to the grid, which makes the grid negative 
with respect to the filament. A “negative 
electrostatic field” is set up which acts as a 
gate to stop electron flow by repelling the 
negatively charged electrons. Therefore, 
when the bias voltage is applied, no elec- 
trons reach the anode and X-rays are not 
produced. When the bias is removed, elec- 
trons flow to the anode and X-rays are pro- 
duced. Because the grid is closer to the fila- 
ment, a comparatively small change in the 
voltage to the grid will override a much larg- 
er positive charge of the anode. 


5-12. Tube Rating Charts. X-ray tubes must 
be operated within the limitations set by the 
manufacturer. If not, they can be perma- 
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Figure 5-11 Grid-Controlled Exposure vs. 
Conventional Exposure. 
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nently damaged by excessive heat that re- 
sults when improper exposure factors are 
used. To prevent damage to tubes, radiologic 
technologists must be aware of tube rating 
charts and how to apply them in the daily 
operation of the X-ray unit. With each tube 
the manufacturer supplies a series of rating 
oo to be used only with that particular 
tube. 

a. The amount of heat generated within a 
tube depends upon the electrical energy ex- 
pended in the tube and is measured in heat 
units. Heat units (H.U.) are the product of 
kVp X mA X exposure time in single-phase, 
full-wave equipment. The formula is written 
H.U. = kVp X mA X sec. For example, how 
many heat units would be generated in a 
tube by the following exposure factors? 


175 kVp 100 mA 1/2 sec 
Solution: H.U. = kVp X mA X see 
H.U. = 75 X 100 X 1/2 
H.U. = 7,500 X 1/2 
H.U. = 3. 750 


Answer: 3,750 H.U. 


b. H.U. are an arbitrary measure and are 
the product of kVp X mA X sec only in single- 
phase, full-wave equipment. The product of 
these factors in a three-phase, full-wave 
generator does not accurately reflect the 
heat units. To determine heat units in three- 
phase equipment, multiply the product of the 
exposure factors by 1.35 for six-pulse and by 
1.41 for twelve-pulse. In other words, H.U. in 
three-phase equipment are determined by 
the following formulas: 


Six-pulse generator 

H.U. = kVp X mA X sec X 1.35 
Twelve-pulse generator 

H.U. = kVp X mA X see X 1.41 
For example, how many H.U. would be gener- 


ated in a three-phase, six-pulse unit using 
the following exposure factors? 


70 kVp 100mA_ 1/2 sec 
Solution: H.U. = kVp X mA X sec X 1.35 
H.U. = 70 X 100 X 1/2 X 1.35 
H.U. = 3,500 X 1.35 
H.U. = 4,725 
Answer: 4,725 H.U. 
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_ 5-13. Rating Chart Selection. It is important 
when applying tube rating charts to use the 
proper one. For example, if the X-ray ma- 
chine has full-wave rectification, then the 
chart for full-wave rectification must be 
used since tube capacity varies with the type 
of rectification, and charts may be available 
for both. Tube capacity also varies with sin- 
gle or three-phase generators. So again the 
appropriate chart must be used. Generally 
though, factors such as those mentioned 
above need only be determined once and will 
remain constant unless there is a major mod- 
ification in the machine or in the X-ray tube 
itself. One factor, however, that can vary 
from exposure to exposure, which also has a 
very definite effect on tube capacity, is focal 
spot size. Consequently, the technologist 
must be aware of the size of the focal spot he 
is using and apply the appropriate tube-rat- 
ing chart. 


5-14. Radiographic Rating Chart. This chart 
shows the maximum exposure factors allow- 
able for a single radiographic exposure. 
Figure 5-12 shows two such charts for the 


same tube. One is for a 2 mm (large) focus . 


and the other is for a 1 mm (small) focus. The 
factors to be considered on these charts are 
mA, kVp and exposure time; when any two of 
them are known, the third can be easily 
found. For example, with the large focus, 
using 150 mA and 90 kVp, the maximum ex- 
posure time allowable could be found as fol- 
lows: Find 150 mA on the left margin of the 
chart, and follow the line across the chart 
until it intersects with the 90 kVp line. From 
that point follow an imaginary line straight 
down to the exposure time scale. The maxi- 
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Figure 5-12. Radiographic Rating Chart. 
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mum exposure time in this case would be 4 1/ 
2 sec. Anything above that would exceed the 
tube’s capacity and could damage the tube. 
By following the same procedure on the 
small focus chart you can see that the same 
mA and kVp would allow a maximum expo- 
sure time of only 3/4 sec. This comparison 
shows that the load capacity of a tube using 
the small focus is considerably less than 
with the large focus. 


5-15. Angiographic Rating Chart. Figure 5-13 
is an example of an angiographic rating 
chart for a single-phase unit. It is designed 
for angiography, which requires several 
exposures in rapid sequence, and is used in 
this way. Suppose the desired technical fac- 
tors are 1000 mA, 100 kVp, 1/25 sec, with 
four films to be taken per second. It is neces- 


-gary to find out how many such exposures 


can be made in succession without damage to 
the tube. Notice the left margin of the chart 
is scaled in H.U. per exposure; therefore 
H.U. per exposure must be calculated first. 


Since 


H.U.= kVp X mA X sec 

H.U. = 100 X 1,000 X 1/25 

H.U. = 100,000 X 1/25 
_#H.U. = 4,000 


Then H.U. per exposure = 4,000. Now find 
4,000 H.U. on the left margin of the chart. 
Follow the line across the chart until it 
crosses the four exposures per second line. 
Follow an imaginary line downward to the 
total number of exposures scale which in this 


~ ease is 31. Thus only 31 such exposures could | 


be made in rapid succession, without endan- 
gering the tube. Additional exposures would 
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have to be made after an appropriate cool- 
ing off period. 
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Figure 5-13. Angiographic Rating Chart. 


5-16. Cineradiographic Rating Charts. Two 
different charts that apply to cineradiogra- 
phy are illustrated in figure 5-14. Using 
chart #1 with factors of 100 kVp, 300 mA, 1/ 
30 sec, and 15 exposures per second, the max- 
imum exposure time in seconds would be 
found as follows: After finding the H.U. per 
exposure (1000) and applying the number to 
the left margin of the chart, follow the line 
across the chart until it intersects with the 
line for 1/30 sec exposures at 15 per second. 
Now follow an imaginary line downward 
which would show in this case a maximum 
exposure time of 4 sec. Chart /2 is unlike 
chart #1 in the following respects. Instead 
of applying heat units to the chart, units of 
kVp X mA are applied. Also, exposure times 
are in milliseconds with a constant 60 expo- 
sures per second. Once the correct factors 
are applied, the process of finding the max)- 
mum exposure time is exactly the same as 
with chart #1. For instance, 200 mA, 100 
kVp, and 4 milliseconds would allow a maxi- 
mum exposure of 12 sec. 


5-17. Anode Cooling Chart. The anode cooling 
chart shows the maximum number of H.U. 
the anode can store and the rate at which it 
will dissipate the heat. Figure 5-15 is sucha 
chart with a storage capacity of 175,000 
H.U. If a series of exposures that totaled 
100,000 H.U. were made over a period of a 
few seconds, and it was necessary to repeat 
the series, how much time, if any, must be 
allowed in between? Since the anode in this 
particular tube can only be subjected to 
175,000 H.U. and 100,000 H.U. were intro- 
duced in the first series, an addidional 1G0,- 
000 H.U. series without delay weuld trean 
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Figure 5-14. Cineradiographic Rating Charts. 


200,000 H.U. to the anode. This would be 
25,000 H.U. more than the maximum allowa- 
ble. Therefore, before exposing the second 
series, the tube must be allowed to cool to 
75,000 H.U. By following the cooling curve it 
can be seen that a drop from 100,000 H.U. to 
75,000 H.U. would take approximately 1 1/2 
minutes. The original series then could be 
repeated after 1 1/2 minutes without exceed- 
ing the anode storage capacity; however, 
since we are now at maximum storage capac- 
ity, before this series could be repeated 
again it would be necessary to allow a cool- 
ing time (4 1/4 minutes) that would dissipate 
100,000 H.U. The H.U./sec input lines show 
how the anode is subjected to H.U. with con- 
tinuous exposures, such as in fluoroscopy. 
Since H.U./sec is equal to kVp X mA, then 
100 kVp X 2 mA would be 200 H.U./sec. After 
5 minutes of 200 H.U./sec input, with consid- 
eration of cooling that has occurred in those 
5 minutes, approximately 39,000 H.U. are 
stored in the anode. 


5-18. Housing Cooling Chart. The storage 
canacity of the tube housing is also limited 
as is the rate of heat dissipation. As shown 
in livure 5-16, the heat storage capacity of 
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HEAT UNITS STORED IN ANODE 


TIME IN MINUTES 


Figure 5-15. Anode Cooling Chart. 


the tube housing is considerably greater 
than the anode capacity as a general rule, 
while the heat dissipation rate is less. The 
housing cooling chart is basically used in the 
same manner as the anode cooling chart. For 
example, suppose 50,000 H.U. were added to 
the tube every minute. The tube represented 
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by the chart in figure 5-16 will not dissipate 
50,000 H.U. every minute even with the air- 
circulator, as can be seen on the cooling 
curve. Therefore, the tube housing would 
eventually reach its maximum loading e¢a- 
pacity, and further cooling time between se- 
ries would have to be allowed. 


HEAT UNITS STORED IN HOUSING 





COOLING TIME IN MINUTES 


Figure 5-16. Housing Cooling Chart. 
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Chapter 6 
PRINCIPLES OF RADIOGRAPHIC EXPOSURE 


SECTION A—INTRODUCTION 


6-1. Introduction: 

a. The purpose of an X-ray examination is 
to procure diagnostic information. The radi- 
ograph constitutes the record; it must depict 
all anatomical details of the body part being 
examined in such a way as to facilitate diag- 
nosis. Making a radiograph is essentially a 
photographic procedure. The exposure and 
processing of the X-ray film involves com- 
plex physical and chemical changes that 
result in the formation of the silver image. 
Standardization of the several operations in 
the production of the image greatly simpli- 
fies the procedure (figure 6-1). 

b. Radiologic technology entails the use of 
_ standardized apparatus and technique so 
that all operations will consume a minimum 
of time and yield radiographs of the best 
quality. The purpose of this portion of the 
manual is to describe the principles of radi- 
ographic exposure by means of theory, ex- 
periment, and application. 

c. Radiographic results usually are unin- 
telligible to the student technologist. For 
that reason he must be made acquainted ear- 
ly with the kind of radiograph that is most 
useful to the radiologist—one that possesses 
correct diagnostic quality. The student can- 
not acquire that knowledge except by actual- 
ly making radiographs under guidance and 
then, during a film clinic, having demonstrat- 
ed to him why the quality is satisfactory. 
This type of instruction gives the student 
self-confidence in his ability to produce good 
work— an invaluable asset. To facilitate 
training, a simple, exact exposure system, 
based upon proven fundamental theories and 
practices, is presented. Wherever possible, 
the exposure factors have been reduced to 
constants, thereby’ eliminating many 
sources of error. This system permits the 
student to become acquainted quickly with 
above average quality radiographs. 


6-2. The X-Ray Beam: 

a. Primary Radiation (PR) (figure 6-2) is 
confined to the portion of the X-ray beam 
emitted from the focal spot (FS) of the X-ray 
tube. Because of the inverse square law its 
intensity is reduced as the distance from the 
FS increases. The average wavelength is 


also shortened because of the absorption of - 


some of the longer wavelengths of radiation 
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Figure 6-1. Steps in the Production of a 
Radiograph. 


by the glass envelope surrounding the tube 
and by aluminum filtration. 

b. Remnant Radiation (RR) is that portion 
of the PR that emerges from the body tissues 
to expose the X-ray film and record the radi- 
ographic image. It is the image-forming ra- 
diation. Remnant radiation is intermingled 
with secondary and scatter radiation (SR) 
from the tissues, the amount depending upon 
its wavelength and the manner in which it is 
controlled. 

c. Central ray (CR) is the center of the X- 
ray beam. The term is employed in describing 
the direction of the X-rays in a given projec- 
tion. The course of the CR extends from the 
FS of the X-ray tube (perpendicularly from 
the tube housing) to the X-ray film. 

(1) The entire distance traversed by the 
CR is known as the focus-film distance 
(FFD). 

(2) The distance from the object or body 
part to the X-ray film measured along the 
course of the CR is known as the object-film 
distance (OFD). 

d. Secondary radiation is radiation emit- 
ted by atoms that have absorbed X-rays (for 
example, characteristic radiation). Second- 
ary radiation has longer wavelengths than 
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the PR that causes it. Scatter radiation re- 
fers to those X-ray photons that have under- 
gone a change in direction after interacting 
with atoms. (It may also have been modified 
by an increase in wavelength.) In this text 
secondary and scatter radiation are normal- 
ly considered together and abbreviated (SR). 
Since SR is unfocussed and may come from 
any direction, its action on the radiograph 
may cover the entire image with a veil of fog 
unless it is controlled by certain accessories. 





Figure 6-2. Various Components of an X- 
ray Beam. 


6-3. X-Ray Exposure Terms: 

a. The nomenclature of X-ray exposure 
comprises some electrical and sundry terms 
commonly used under the general designa- 
tion of radiographic factors. Each factor 
listed below influences the character of the 
radiographic image. These terms and their 
symbols should be memorized. 


Radiographic factor Symbol 
Centra PAV siiiesccidenierrnn diner nies CR 
OCA! SNOG osiiceenis cietdecceeieieee teed FS 
Focus-film distance ............cccccesssercseees FFD 
Kilovolts peak .............cccsssssssssssnssceeeceees kVp 
Milliamperess .............cccccccccccceecceceeeceeesees mA 


Milliampere-seconds ...............cccccesseeeees mAs 
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Radiographic factor Symbol 
Object-film distance ............scccccssssscoeees OFD 
Primary radiation ............cccsccsccscssccssseees PR 
Remnant radiation .............cccccccecceccccreeee RR 
Secondary and scatter radiation .......... SR 
Time of exposure in seconds ................+. sec 


b. Several items of apparatus, when used, 
have a definite influence on the radiographic 
image. Through usage, these accessories are 
usually considered together with the actual 
exposure factors. 

(1) X-ray intensifying screens in cas- 
settes are used to augment the exposure ef- 
fect of the X-rays. 

(2) The beam restricting device limits 
the size of the X-ray beam irradiating the 
body part. 

(3) The stationary grid reduces the SR 
reaching the X-ray film. 

(4) The Potter-Bucky (P-B) diaphragm 
is similar to the stationary grid, but it is 
mechanized to move during the exposure. 


SECTION B—THE SILVER IMAGE 


6-4. Image Characteristics. The radiographic 
Image is composed of many deposits of black 
metallic silver on both surfaces of the radi- 
ograph. These deposits blend into an image 
to represent the anatomical structures ex- 
amined. The image has two major character- 
istics—density and contrast—directly influ- 
encing the diagnostic quality of the radi- 
ograph. 

a. Radiographic density is the resultant 
deposit of black metallic silver on an X-ray 
film after exposure and processing. Details 
of the tissue elements examined are rendered 
as densities of varying concentration. Dur- 
ing passage through a body part, the X-rays 
are absorbed by tissue components, result- 
ing in a number of different silver deposits 
on the radiograph. The degree of silver con- 
centration determines the brightness or tone 
value of the densities when viewed on an X- 
ray illuminator. The tonal relationship be- 
tween one density and another enables image 
details to become visible. The greater the 
number of tones present (correct tone rendi- 
tion), the greater the number of structural 
details that can be visualized in the image. 
The range of tones in an image is photogra- 
phically known as the “gray scale.” 

b. Radiographic contrast exists when two 
or more radiographic densities are present; 
it provides differentiation between translu- 
cent radiographic densities to reveal all pos- 
sible anatomical details when viewed on an 
X-ray illuminator. In figure 6-3 (left), con- 
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trast does not exist—there is only one radi- 
ographic density; in figure 6-3 (right), con- 
trast exists—the image has numerous densi- 
ties of different tone value. 


—_ 
} § 


“ke 






=. 





Figure 6-3. Radiographs: Showing a Single 
Radiographic Density and 
Many Radiographic Densities. 


(1) Factors Influencing Contrast. The 
scale of densities determining contrast and 
visibility of details is influenced by X-ray 
wavelength which, in turn, is regulated by 
kVp. The exposure factor of kVp can be used 
as the active variable in altering radi- 
ographic contrast (Section D). Generally, 
visualization of details depends upon the 
degree of contrast and/or sharpness ren- 
dered. The contrast inherent to the X-ray 
developer, the type of film, the X-ray intensi- 
fying screens, and the type of tissue contrib- 
ute to the sum total of radiographic con- 
trast. 

(2) Contrast Scale. The scale of contrast 
in a radiographic image is determined by the 
number and tone value of the various densi- 
ties. Radiographic contrast may vary widely 
or within some acceptable average range 
depending upon the part being examined. A 
good radiograph possesses correct density 
balance over the entire contrast scale—good 
differentiation between tissue details of di- 
agnostic interest without loss of detail in 
other areas of the image. 

(a) Short-Scale Contrast. In this type 
of contrast the range of image densities is 
short and small in number, each density ex- 
hibiting a large tonal difference from its 
neighbor. In A, figure 6-4, long wavelength 
radiation is directed toward the step-wedge. 
It easily penetrates steps Nos. 1 and 2; RRis 
largely absorbed by the silver emulsion and 
an opaque density is produced. The radiation 
is greatly absorbed by step No. 3, and more 
so by step No. 4, resulting in RR of such low 
intensity that a translucent density with a 


1 August 1974 6-3 


gray tone is produced in the former and a 
light gray tone in the latter. The radiation 
passing to steps Nos. 5 and 6 is totally ab- 
sorbed, and the film is not exposed because 
there is no emergent RR. A representative 
image of the entire wedge was not recorded 
because of an inadequacy. of RR. The differ- 
ences between densities are wide and few in 
number, and the number of densities is insuf- 
ficient to portray a complete image of the 
subject. This diagram illustrates that radi- 
ographic details of an object cannot be seen 
in the image unless there are discernible dif- 
ferences in tone value between densities, and 
that there must be a silver deposit on the film 
if a detail within the object is to be demon- 
strated. 

(b) Long-Scale Contrast. In this type of 
contrast the range of image densities is wide 
and great in number, each density exhibiting 
only a small tonal difference from its neigh- 
bor. In B, figure 6-4, a short wavelength ra- 
diation is directed toward the step-wedge. 
The radiation penetrates all portions of the 
wedge, and the selective degree of absorp- 
tion by each step permits RR to emerge with 
different intensities producing separate 
translucent densities of varying tone value. 
The transition between tones is gradual, 
each tone is distinctive, and the image is 
completely informative. Desirable long-scale 
contrast is produced when the kVp is adjust- 
ed to delineate all normal structures satis- 
factorily. In the case of human radiography, 
when the scale of densities representing a 
departure from the normal occurs, the image 
is open to suspicion from a pathologic or 
physiologic standpoint. The criterion of 
good diagnostic contrast 1s whether one sees 
all one expects to see. 

(c) Short-Scale Versus Long-Scale Con- 
trasts. The entire image exhibiting short- 
scale contrast is invariably incomplete, for 
details representing the thinner and thicker 
portions of the body part are not always 
shown. Only those details in the image pro- 
duced by exposure factors optimum for the 
area are rendered with maximum visibility. 
Short-scale contrast is useful only as a spe- 
cial procedure in more adequately visualiz- 
ing details of small] tissue areas. Typical 
examples of short-scale contrast are shown 
in figure 6-5. Long-scale contrast makes pos- 
sible the visualization of small variations of 
image density. To obtain the maximum diag- 
nostic information in the survey film, a com- 
promise must be made between the radi- 
ograph with short-scale contrast and that 
exhibiting the longer-scale contrast. Typical 
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examples of long-scale contrast are shown in 
figure 6-6. Although long-scale contrast gen- 
erally occupies one end of the contrast range 
and short-scale contrast the other, there is no 
definite point that separates the two scales. 
In other words, contrast is a relative mea- 
sure of the differences in radiographic densi- 
ties. Radiograph A may exhibit long-scale 
contrast when compared with radiograph B. 
However, if radiograph A were compared 
with radiograph C (which has a longer con- 
trast scale than A), then radiograph A would 
exhibit short-scale contrast. 


6-5. X-Ray Penetration. X-rays vary widely 
in penetrating human tissues. Each type of 
tissue absorbs radiation according to its 
own composition and thickness. Only a very 
small fraction of the original primary radia- 
tion is effectively utilized in an exposure 
because the bulk of the X-rays is either ab- 
sorbed by the tissues or converted into SR. 
The greater the tissue absorption, the less 
intense the emergent radiation that can ex- 
pose a film and record the image. To obtain a 
correct radiographic exposure, the X-radia- 
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Figure 6-4. Contrast Scale. 





P-5119 
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Figure 6-5. Typical Radiographs Exhibit- 
ing Short-Scale Contrast. 


a. Factor of X-ray Wavelength. Satisfac- 
tory image densities result only when radia- 
tion penetrates the entire part. Attempts to 
penetrate the part by using high mAs and 
low kVp (relatively longer wavelength ra- 
diation) result in prolonged impractical ex- 
posures that seldom yield satisfactory im- 
ages. When an impractically long exposure 
is employed, the shorter wavelengths create 
most of the image since the longer wave- 
lengths are largely absorbed. Objections to 
such an exposure procedure include: lack of 
complete penetration; the patient reaches 
the MPD sooner; the patient may move dur- 
ing the exposure; and the latitude of expo- 
sure allows no margin for error. When the 
wavelength is shortened, the absorption 
properties of flesh and bone are brought 
closer together because of a more uniform 
penetration of the tissues. 
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Figure 6-6. Typical Radiographs Exhibiting Long-Scale Contrast. 


b. Absorption by Body Part. When long 
wavelength radiation is used, bone absorbs a 
large amount of radiation and few osseous 
details may be shown in a radiograph, yet 
soft tissue details are visible. The absorp- 
tion properties between these two tissues 
under long wavelength radiation are exceed- 
ingly wide, and details of both tissues cannot 
be shown in a single image. A single radi- 
ograph recording both classes of tissue is 
preferable. The type of body part being 
examined has a decided bearing upon detail 
visualization, and the wide range of availa- 
ble kVp makes possible detail representa- 
tion of any part of the body. 

(1) When X-rays pass through human 
tissue, each type of tissue absorbs its pro- 
portion of radiation according to its own 
composition and thickness. For example, as 
X-rays pass through one thickness of flesh, 
then through a thickness of bone, and finally 
through another thickness of flesh or fat, the 
total absorption is the sum of the various 
degrees of absorption occurring in the dif- 
ferent tissues (figure 6-7). 

(2) Tissue contrast represents the rela- 
tive differences in the tissue components of 
an anatomical part with respect to its X-ray 
absorption. The greater the absorption dif- 
ference of a tissue with relation to adjacent 
tissue densities, the greater the tissue con- 
trast; the lower the absorption difference, 
the lower the tissue contrast. 

ce. Absorption Variables. In radiography 
there are a number of unpredictable absorp- 
tion variables in body tissues that are influ- 
enced by physiologic or pathologic changes, 
but they may be disregarded, in some mea- 
sure, if the exposure system provides enough 
latitude. Generally, small deviations from 
the normal in tissue absorption or thickness 
can be ignored. Recognizable abnormal con- 
ditions may be easily compensated by adjust- 
ment of the variable exposure factors select- 
ed. | 


(1) Large Absorption Differences. When 
structural tissue details are widely different, 
each presents wide differences in absorbing 
power and, consequently, wide differences in 
tone value will exist in the radiograph. 
Where a body part contains thick heavy 
bone surrounded by a large quantity of mus- 
cle and fat, as in the lumbar vertebral re- 
gion, X-ray absorption differences become 
relatively wide (figure 6-8). The image of a 
calcified body (figure 6-9) outlined by the 
darker adjacent densities of its containing 
tissues also exhibits great tonal differences 
and provides easy visibility. Such parts 
provide little difficulty in recording even 
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Figure 6-7. Penetration and Absorption of 
an X-ray Beam Traversing a 
Body Part. 
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though large errors in exposure may be 
made. 

(2) Small Absorption Differences. At 
times, absorption differences between some 
tissues may be very small, and in such cases 
differentiation becomes difficult. The kidney, 
gall bladder, and liver areas are typical 
examples in which the X-ray absorbing pow- 
er of the tissues is almost the same (figure 6- 
10). The tonal differentiation of a small por- 
tion of lymphatic tissue within its surround- 
ing tissues, also, cannot be as distinctive 
against its background density as could a 
calculus because of the small tissue absorp- 
tion differences. A shorter scale of contrast 
in the image would, therefore, be helpful and 
perhaps necessary. 





Figure 6-8. Radiograph of the Lumbar Ver- 
tebrae Showing Wide ery 
tion Differences. 


6-6. Radiographic Exposure: 

a. General. Radiographic exposure fac- 
tors relating to image characteristics have 
two important aspects: photographic and 
geometric. The photographic aspect is relat- 
ed to quantity and distribution of silver de- 
posited on the film (paragraph 6-4) and the 
geometric aspect is related to the form and 
sharpness of the image definition (Section 
H). Radiographic exposure denotes the sensi- 
tizing action of the silver bromide crystals 
within the film emulsion by X-rays. The ac- 
tion is based upon the combined effects of (1) 
the intensity of the X-rays reaching the flrn 





from a given FFD; (2) the time that the X- 
rays act on the emulsion; and (3) the wave- 
length of the X-rays. If the X-rays do not 
penetrate the object or body part and reach 
the film, there is no exposure; hence, no 
emulsion response. 





: 


Figure 6-9. Portion of a PA Chest Showing 
a Calcification of High Con- ( 
trast Against a Low Contrast 
Background Group of Densi- 
ties. 


| 
Figure 6-10. PA of the Kidney Region That A 
Exhibits Small Differences in 
Density. 


AFM 160-30/TM 8-280/NAVMED _ P-5119 

b. Value of Constants. To understand the 
many factors influencing the radiographic 
image, the function of each factor in the 


exposure system must be appreciated. The 


role of any factor must be determined by the 
use of the factor as a variable while all other 
factors remain constant. The influence of 
development on the radiographic image must 
also be known in establishing the whole 
processing procedure as a constant; any 
variations in radiographic quality may then 
be attributed to exposure variations rather 
than to development. For example, to deter- 
mine the radiographic influence of kVp in the 
exposure system, it should be employed as 
the variable and all other exposure and proc- 
essing factors should be constant. The es- 
tablishment of an exposure system should be 
based upon the employment as constants of 
those factors that have the greatest influ- 
ence on the quality of the image and selec- 
tion of one factor that possesses only a sin- 
gle radiographic function as the variable. 


SECTION C—THE EFFECT OF FOCUS- 
FILM DISTANCE ON DENSITY 


6-7. Introduction. The FFD on the radi- 
ographic image influences radiographic den- 
sity, the size and shape of the image of the 
part being examined, and the sharpness with 
which image details are rendered. Since in- 
tensity directly influences radiographic den- 
sity, any change in distance will cause a 
change in density when other factors are 
constant. 


6-8. Application of Inverse Square Law. Since 
X-rays diverge as they are emitted from the 
FS and proceed in straight paths, they cover 
an increasingly larger area with lessened 
intensity as they travel from their source. 
This principle is illustrated in figure 6-11. It 
is assumed that the intensity of the X-rays 
emitted at the FS remains the same and that 
X-rays cover an area of 4 square inches at 
the horizontal plane (C), 12 inches from FS. 
When the FFD is increased to 24 inches to 
plane D or twice the distance between FS and 
C, the X-rays will cover 16 square inches— 
an area four times as great as that at C. The 
intensity of the radiation per square inch on 
the plane at Dis only one-quarter that at the 
level C. Thus, an adequate exposure at C 
must be increased four times in order to pro- 
duce at D an equal radiographic density. 
(See the formula and example given in para- 
graph 6-9.) Table 6-1 may be used for deter- 
mining the correct mAs multiplying factor 
“when the FFD is changed. 
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6-9. Arithmetical Relation—mAs and FFD: 

a. Rule. The mAs required to produce a 
given radiographic density is inversely pro- 
portional to the square of the FFD when the 
remaining factors are constant: 


mAs, _ FFD(/? 
mAs, — FFD 9” 

b. Example. If an exposure of 10 mAs (mAs;) 
at an FFD of 25 inches (FFD;) is used and the 
FFD is increased to 60 inches (FFD:2), what 
mAs (mAs,) must be used to maintain the same 
radiographic density? mAs,, FFD,, and FFD, 
are known; mAs, is unknown. 


mAs, X FFD-,? 





mAs, = FFD? 
2 
ihe - v2" — = 57.6imAs 


To facilitate the mathematics involved, ta- 
ble 6-1 may be used to determine mAs values 
when common FFD values are changed. For 
example, under the column headed “Original 
Focus-Film Distance” find 25 inches. Find 
the vertical column headed by the new FFD 
of 60 inches. Where these two columns inter- 
sect will be found the mAs multiplying factor 
5.76. Multiply the original mAs of 10 by 5.76. 
The answer is 57.6 mAs. 

c. Cancellation of Constant Value. The 
original formula relating mAs and FFD may _ 
be altered slightly if either the mA or the sec 
is to remain constant. Thus the constant 
value will cancel from the numerator and 
denominator leaving the following two for- 
mulas: 


mA, X sec: FFD? 
mA, X SeCo = FFD.? _ 


mA, FFD; 
mA, . FFD,? 


ma, X Sec, - FFD,? 


(Constant sec) 





Formula 1. 














Constant mA = 

( Career Mao X S€Ce FFD,? a 
sec, FFD,? 
sec, - FFD? Formula 2. 
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SECTION D—FUNCTION OF KILOVOLT- 


AGE 


6-10. Introduction: 
a. General. Of all the exposure factors, 
kVp has the greatest effect on the radi- 


Figure 6-11. 


FS 





Change in Distance Influences 
Radiogranhic Density. 


ographic image when all other factors re- 


main constant. It directly influences the 


quality of radiation reaching the film. This 
in turn determines the radiographic contrast 
and density. Kilovoltage is a major agent in 
the production of SR which must be con- 
trolled to prevent fogging on the film. Use of 
low kVp may result in images deficient in 
details; injudicious use of high kVp may re- 
sult in fogged or high density images 1n 
which details are obscured by excessive sil- 
ver deposits and a decrease in contrast. 

b. Greater Exposure Efficiency by Use of 
Higher Kilovoltage: 

(1) Anatomical details in all tissue 
thicknesses are rendered as translucent 
densities. 

(2) Greater image sharpness is obtained 
because shorter exposures may be used with 
smaller FS. 

(3) The radiation dose to patients is 
reduced because the body absorbs less radia- 
tion than at the lower kVp; therefore, more 
radiation can reach the film to expose it and 
exposures can be reduced. 

(4) Heat production in the X-ray tube is 
reduced because smaller energy loads can be 
used, thereby increasing the efficiency and 
life of the X-ray tube. 

(5) Greater exposure latitude may be 
secured because of the narrowed absorption 
range of the body tissues. 

(6) More satisfactory radiography is 
possible when the source of electric power is 
variable or in a state of constant flux. 


6-11. Kilovoltage and Density: 
a. Experiment—Kilovoltage-Density Re- 
lation: 

(1) Purpose. This experiment demon- 
strates the relation between kVp and radi- 
ographic density when a homogeneous ab- 
sorber of varying thickness is used. 

(2) Theory. When an absorber is placed 
on the film, the X-ray absorption properties 
of the material composing the absorber as 
well as its thickness are factors that cause 
variation in the radiographic densities. 

(3) Procedure: | 

(a) A series of six radiographs of a 
long step-wedge containing a number of 
aluminum steps, 1 mm in thickness, should be 
made using the materials and exposure fac- 
tors shown in table 6-2. The exposure of the 
first step is adjusted to obtain a light gray 
tone—a translucent density. 

(b) Place step-wedge on 10 X 12 inch 
cardboard holder containing screen-type 
film. Directly expose each film in sequence 
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| > Table 6-1. 


1 August 1974 6-9 


mAs Conversion Factors for Changes in FED. 


New focus-film distance 





ae all exposures are completed. Process 
lms. 

(4) Comment. The quantity of silver 
deposit in each image representing the first 
step of the wedge is dependent in degree upon 
the quantity of RR emerging from the wedge 
to expose the film, and its wavelength (figure 
6-12). The density of the first step in each 
radiograph increases with each advance in 
kVp indicating that greater image densities 
are obtained because of the greater pene- 
trating quality of the radiation. The density 
of the sixth step in each radiograph differs 
widely as the kVp is advanced. It is here 


demonstrated that the thickness of any 
homogeneous object placed on the film has 
direct influence in decreasing the intensity of 
the radiation reaching the film. The varia- 
tion in the intensities of the remnant beam 
reaching the film results in a series of radi- 
ographic densities of varying tone value 
that constitute a radiographic image of the 
entire wedge only at the higher kVp. At the 
lower kVp, an entire image of the wedge was 
not secured because the long wavelength 
radiation was absorbed by the thicker sec- 
tions of the step-wedge and little RR reached 
the film to produce a satisfactory image. All 


Table 6-2. Kilovoltage—Density Relation: Experiment. 


Materials Film 


Exposure holder 


Cone 


Constant factors Development 
FFD 

mA 

Time 

mAs 


Filter 


Variable factor 


Exposure No. 


Screen-type, 10 X 12 inch. 


10 X 12 inch cardboard 
holder. 


To cover exposure area. 


S minutes. 68°F 
36 inches 


10 


20 


1 mm aluminum 
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steps of the wedge are not shown in the 40 
and 60 kVp images, but all steps show when 
90 kVp is used because all portions of the 
wedge were penetrated. 





| 2 3 4 5 6 


Figure 6-12. Kilovoltage—Density Relation 
When an Absorber of Varying 
Thickness Is Used. 


b. Illustrations of Small and Large Kilo- 
voltage Changes: 

(1) Small kVp changes have little radi- 
ographic effect since the wavelength is not 
appreciably changed. 

(a) Figure 6-13 depicts a series of PA 
projections of the hand made on direct expo- 
sure in 1-kVp steps from 45 to 55 kVp; all 





other factors were constant: 40 mAs; 36-inch 
FFD. Radiographs were developed for 5 min- 
utes at 68°F in rapid developer. Comparison 
between the densities produced at 45 and 47 
kVp shows no discernible difference; the 
densities produced at 45 and 50 and those 
between 50 and 55 kVp demonstrate visual 
differences. Changes in kVp of 1, 2, or 3 at 
this kVp range do not demonstrate definite 
visual density differences. 

(b) Figure 6-14 depicts a series of PA 
screen exposures of the chest. A range of 75 
to 84 kVp in 1-kVp steps was used; all other 
factors were constant: 2.5 mAs; 72-inch 
FFD. Comparison of the densities in the 75 
and 76 kVp images and in the 83 and 84 kVp 
images shows little difference. A definite dif- 
ference exists, however, between the 75 and 
80 kVp and the 79 and 84 kVp images. A posi- 
tive difference exists between the densities 
seen in the 75 and 84 kVp radiographs. 

(2) Large kVp changes produce an in- 
crease in density. Figures 6-15, 6-16, and 6-17 
exhibit the effect of large kVp changes when 
direct, screen, and grid exposures are made. 
The appearance of all the images is charac- 
teristic of the manner in which they were 
produced. 

(a) Figure 6-15 depicts a series of di- 
rect exposure PA radiographs of the hand 
made in 5 kVp increments from 30 to 75 kVp; 
all other factors were constant: 45 mAs, 36- 
inch FFD. The increase in density between 
each increment of 5 kVp is appreciable be- 
tween 30 and 55 kVp. The density change 
between increments above 55 kVp is small. 
As overexposure occurs by reason of the 





Figure 6-13. Direct Exposure Radiographs of the Hand That Demonstrate the Effect on Radi- 
ographic Density With Small Changes in kVp. 
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Figure 6-14. Screen Exposures of the Chest to Demonstrate the Density Effect With Small 


Changes in kVp. 


accelerated density effect at the higher kVp 
(above 60 kVp), fogging of the image also 
occurs. 

(b) Figure 6-16 depicts a series of 
screen PA chest radiographs made in incre- 
ments of 10 kVp from 50 to 80 kVp; all other 
factors were constant: 10 mAs; 72-inch FFD; 
average-speed screens. The transition in 
densities is more exaggerated than in figure 
6-15 because screen contrast was introduced. 


Figure 6-15. 


At the higher kVp values (above 60 kVp) fog 
begins to appear because of overexposure. 
(c) Figure 6-17 depicts a series of 
three grid radiographs of the shoulder made 
in increments of 5 kVp from 70 to 80 kVp 
with direct exposure film; all other factors 
were constant: 200 mAs; 36-inch FFD; P-B 
grid (8:1). The increase in density between 
the kVp increments in figure 6-16 for the 
density changes are due to the influence of 





Demonstration of kVp-Density Changes. 
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Figure 6-16. Screen Radiographs to Show 


-Influence of Large kVp Incre- 
ments on Overall Density. 





kVp. Because a P-B grid was used, the low 
level of SR reaching the film contributed 
only a negligible amount of fog density. 

ce. Arithmetical Relation—kVp-mAs and 
Density: 

(1) Radiographic density is influenced 
by kVp, and varies with the mAs and FFD 
used. In medical radiography, there is no 
simple mathematical method for determining 
kVp-mAs density ratios. Such factors as the 
thickness and density of the body tissues to 
be examined, the characteristics of the X-ray 
apparatus, and the use of intensifying screens 
exert pertinent influences. Close approxi- 
mations between kVp and other exposure 
factors have been established by trial and 
error. There are two procedures that may be 
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followed: one, to determine the approxi- 
mate change in mAs for compensation of a 
change in kVp; the other, to determine the 
change in kVp required for a given mAs 
change. 

(2) Based on measurements by Bierman 
and Boldingh, the density-producing effect of 
kVp varies approximately to the fifth power. 
The formula relating the effects of kVp, 
mAs, and FFD on the density may be ex- 
pressed as: 


mAs X kVp* 


Density FFD? 
Changing the kVp or mAs while keeping the 
density constant requires complex mathe- 
matical manipulations. Table 6-3 permits 
easy calculation of the new factors to be 
used. A nomogram form is used in this table 
because of its simplicity of operation. 

(8) To change from one fixed kVp to an- 
other, lay a straightedge between the origi- 
nal mAs and original kVp values. Note the 
position of the straightedge on the reference 
line. Keeping the straightedge at the refer- 
ence point, rotate the straightedge to the 
desired new kVp. The straightedge will cross 
the mAs line at the new value. 

(a) Problem: If 80 kVp was used in 
making a PA of the chest using 10 mAs at an 
FFD of 72 inches, and it is desired to use 60 
kVp to produce a higher contrast on the film, 
what mAs should be used to produce the 
same density as the original technique? 

(b) Solution: Consult table 6-3. Lay a 
straightedge between 10 mAs and 80 kVp. 
Note the point at which the straight edge 
crosses the reference line; then rotate the 
straight-edge about this point until it rests 
on 60 on the kVp line. At this point the 
straightedge will also cross the mAs line at 
62. The answer is 62 mAs. 

(4) Some mAs values derived from table 
6-3 may require the use of a time value that 
is not within the practical scope of the timer. 





Figure 6-17. 


Direct Exposure Radiographs 
Made With a Grid To Show 
Influence of Large kVp Incre- 
ments on Density. 


t 
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Figure 6-18. kVp—mAs Relationship. kVp 
and mAs (respectively) was: A-50, 75; B-60, 
80; C-70, 50; D-80, 30; E-90, 20; F-100, 15. 


It is then necessary to employ the nearest 
practical value. The resulting density differ- 
ence is usually so small that it often is not 
recognizable. 

(5) Table 6-3 may also be used to change 
from one mAs to another while keeping the 
density the same by adjusting the kVp. 

(a) Problem: If 80 kVp is ordinarily 
used in making a PA of the chest employing 
10 mAs at an FFD of 72 inches, and it is de- 
sired to examine a given anatomic structure 
using the same density but using an equiva- 
lent mAs of 50, what new kVp should be used 
to produce a density similar to that produced 
by the original 80 kVp and 10 mAs? 

(b) Solution: Lay a straightedge be- 
tween 80 kVp and 10 mAs. Note the point at 
which the straightedge crosses the reference 
line; then rotate the straightedge about this 
point until it crosses the mAs line at 50 mAs. 
The straightedge rests on 65 on the kVp line. 
The new kVp will be 65. 

(6) Basically, the conversion of the fac- 
tors just described, is nearly the same as the 
“50/15” rule. Using the 50/15 rule if the mAs 
is cut in half (reduced by 50 percent) the kVp 
is increased by 15 percent. By the same to- 
ken if the mAs is doubled the kVp is de- 
creased by 15 percent. For example, if 100 
kVp and 20 mAs were used for a particular 
radiograph and it was necessary to reduce 
the mAs to 10, the new kVp would be 115. 

d. Compensation for kVp-Density Effect: 

(1) Accurate adjustment of the mAs 
cannot be established mathematically be- 
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cause the thickness and tissue density of the 
human body exercise an unpredictable ab- 
sorption influence. However, the new mAs as 
derived from table 6-3 produces a compara- 
ble density. As the kVp is increased, the mAs 
values are greatly reduced, thereby dimin- 
ishing the radiation dose to the patient. The 
lower mAs values also contribute increased 
image sharpness since patient movement is 
virtually eliminated. Figure 6-18 depicts a 
series of direct exposure radiographs of the 
elbow, using screen-type film, made with a 
kVp range of 50 to 100 in 10-kVp increments 
and an FFD of 36 inches. By trial, the cor- 
rect mAs value (80), was determined for the 
60 kVp radiographs. The value 80 mAs was 
used as a basis for determining the balance 
of the mAs values to be used for all the other 
kVp. The overall image densities are approx- 
imately equal. 

(2) No practical amount of mAs can 
compensate for insufficient kVp. Although 
the recognized technique for mammography 
is 20 to 30 kVp and many of the “high volt- 
age” techniques are in excess of 120 kVp, 
most medical radiography is done within a 
range of 50 to 100 kVp. Excessive mAs val- 
ues are dangerous to the patient. Figure 6-19 
depicts a series of direct exposure PA radi- 
ographs of the hand on screen-type film and 
illustrates the futility of using an inade- 
quate kVp. Factors used for the initial radi- 
ograph (A) were 30 kVp, 45 mAs, and an FFD 
of 36 inches. The mAs for each succeeding 
exposure was doubled, reaching 1,400 for the 
sixth exposure (F). By exposing the hand 
with 50 kVp, 50 mAs, and an. FFD of 36 inch- 
es, a diagnostic image was obtained (G)—all 
densities are translucent and details in the 
entire image are clearly recorded. 

e. Overexposure and Underexposure With 
Kilovoltage: 

(1) Overexposure. When greater than 
necessary kVp is used, the overall density 
appears high, perhaps translucent, with SR 
fog (left, figure 6-20); the contrast scale is 
degraded, and detail is obscured. Usually, a 
reduction of 10 to 20 kVp will correct the 
appearance (right, figure 6-20). It may be 
necessary to adjust the mAs factor slightly. 
To avoid overexposure due to kVp, the opti- 
mum kVp for routine projections listed in 
table 6-8 should be adhered to. 

(2) Underexposure. Use of inadequate 
kVp is characterized by blank transparent 
areas without silver deposit and other areas 
having high densities—few intermediate 
tones of density are present (figure 6-21). An 
increase of 15 to 20 kVp will usually produce 
sufficient penetrating radiation to obtain the 
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Table 6-3. Calculations of kVp-mAs Adjustments. f 
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necessary detail, provided the mAs is also 
adjusted. 





Figure 6-19. Direct Exposure Radiographs 
to Demonstrate That Insuffi- 
cient kVp Cannot Practically 
Be Compensated by mAs. 


6-12. Kilovoltage and Contrast: 

a. General. Since the visualization of de- 
tail is dependent upon radiographic contrast 
kVp becomes an important factor in detail 
delineation. Radiographic details cannot 
become visible unless the radiation is able to 
penetrate the part being examined. When the 
radiation is optimum for a given part, nu- 
merous details become visible because of the 
large number of small density differences 


(figure 6-22). 
2 





Figure 6-20. Radiographs Showing Effect 
of kVp Overexposure. 
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Figure 6-21. Low kVp Films. 1-120 mAs; 
2-240 mAs; 3-480 mAs. 


b. Contrast Without Fog: 

(1) Figure 6-23 consists of a series of 
radiographs of a dried skull and illustrates 
the influence of kVp on contrast. The ab- 
sence of fluids in the specimen eliminates in 
large measure the influence of SR on the 
image. The images, therefore, may be consid- 
ered free of SR fog. The radiographs were 
exposed in 5 kVp increments from 45 to 100 
kVp. The density effect of each kVp was 
offset by compensating mAs (table 6-3). As a 
guide in mAs compensation, a step-wedge 
was recorded in each radiograph—the densi- 
ty of its third step being used as a“control.”’ 
This density was maintained constant for all 
kVp. The procedure made it possible to dem- 





Figure 6-22. Radiograph of the Chest Dem-' 
onstrating the Wide Range of 
Radiographic Densities Re- 
quired for Diagnostic Purpos- 
es. 
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Figure 6-23. Direct Exposure Radiographs of a Dried Skull Demonstrating the Influence of 
kVp on Contrast and Its Relation to the Visualization of Detail. 


onstrate the contrast characteristics of 
each skull image produced by each advance 
in kVp. 

(2) In the 45 kVp film, there are very 
high image densities and also areas in which 
no details appear because of a lack of suffi- 
cient silver deposit. Penetrating radiation 
was needed to traverse the thicker and den- 
ser structures, such as the jaws, partes pe- 
trosae, and superior portions of the vault. 
With an increase in kVp, some details in 
these latter structures appear. At 90 and 100 
kVp, all structures were thoroughly pene- 
trated and all radiographic details are visi- 
ble. In comparing the 45 kVp and 100 kVp 
radiographs, a difference in “brightness” of 
the images is manifest. The lower kVp film 
attracts the eye at once because of its brilli- 
ance; short-scale contrast exists. The eye 
ignores the absence of a large number of 
details representative of the anatomy. The 
few details adequately recorded are com- 
posed of rather heavy silver deposits and a 
rapid fall-off in image density occurs in 
areas representing the thicker or denser 
anatomical structures. Also, the distribution 


_ In densities is unequal at 100 kVp, there is a 


uniform distribution of translucent densities 
over the entire image. This radiograph has a 
lower level of “brightness,” but the image 
contains an abundance of details which are 
so necessary for diagnostic purposes; long- 
scale contrast exists. The contrast scale 
lengthens as the kVp rises. Examples of 
long-scale contrast radiographs are shown 
in figure 6-24. 

(3) This does not mean that low kVp 
always produces radiographs of inferior 
quality. Some soft tissue examinations, for 
example mammography, require low kVp for 
differentiation of tissues. (See section on 
mammography elsewhere in the text.) 


6-13. Kilovoltage and Exposure Latitude: 

a. General. Exposure latitude varies with 
the kVp applied and is the range between 
minimum and maximum that will produce a 
diagnostically acceptable seale of translu- 
cent densities. Exposure latitude is an impor- 
tant element in any standardized exposure 
system. Depending upon the kVp used, the 
term “correct exposure” may mean that 
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Figure 6-24. Radiographic Examples That 
Exhibit an Abundance of De- 
tails Made Possible by the Use 
of Optimum kVp for the Part. 


many different exposures can be used to yield 
diagnostically acceptable radiographs. Use 
of an optimum kVp technique is more likely 
to produce greater uniformity of radi- 
ographic results than does the use of rela- 
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tively low variable kVp techniques. A gener- 
al rule is: The longer the scale of radi- 
ographic contrast, the greater is the expo- 
sure latitude. 

b. Wide Exposure Latitude: 

(1) When optimum kVp values are used, 
the exposure latitude is wide because long- 
scale contrast is produced in the image 
which can compensate at times for wide er- 
rors in mAs. The large number of densities of 
small tonal differences produced by the more 
penetrating radiation serves to retain image 
details in the thin and thick portions of the 
part. 

(2) Figure 6-25 depicts a series of AP 
direct exposure radiographs of the elbow in 
which the optimum kVp was 60, the FFD 30 
inches and the mAs varied in steps of 15 mAs 
from 30 to 165 mAs. The exposure latitude 
may be considered to range between 60 and 
150 mAs because visualization of all re- 
quired details was attained in the images 
although they possessed varying degrees of 
density. The extremes in density shown in 
this range, however, are not recommended 
for routine radiography. Selection of the 
optimum density may be made by choosing 
three adjacent radiographs in the series that 
approach nearest to the required density— 
75, 90, and 105 mAs. A desirable density may 
be considered as produced by about 90 mAs. 

ec. Narrow Exposure Latitude: 

(1) Exposure latitude is usually narrow 
when short-scale contrast prevails, as pro- 
duced by the lower kVp. The small number of 
usable densities present requires that expo- 
sure be more nearly correct to obtain densi- 
ties representative of the thinnest or the 





Figure 6-2.5. 


Direct Exposure Radiographs of the Elbow Demonstrating Exposure Latitude. 
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thickest portions of the part. The scale of 
contrast, however, is seldom such that all 
desired tissues are shown in the same image, 
particularly of a subject that contains 
structural details of widely different tissue 
densities. Also, the mAs values required are 
usually so great as to be impractical in ap- 
plication. 

(2) Figure 6-26 depicts a series of three 
screen-grid lateral radiographs of the skull, 
made with 55 kVp, 36-inch FFD, and 50, 100, 
and 150 mAs. The 50 mAs image is underex- 
posed (the image of the vault contains little 
silver); the 100 mAs radiograph shows the 
facial bones with excessive silver deposits 
although the partes petrosae are not pene- 
trated; and the 150 mAs image shows opaque 
silver deposits in the facial area, the vault is 
well shown but the partes petrosal area was 
not recorded. The extremes of short-scale 
contrast are exhibited in this image—opaci- 
ties and transparencies that make only a 
small portion of the image fully informative. 


SECTION E—FACTORS INFLUENCING 
SECONDARY RADIATION FOG 


6-14. Introduction. Secondary radiation fog, 
a supplemental density, is a fairly uniform 
veil of silver overlying the image density 
produced by RR. Caused by SR action, SR 
fog affects the visualization of detail—the 
quality of the image is degraded. By control- 
ling the amount of SR reaching the film, de- 
tails become more pronounced with resultant 
improvement in image quality. Figure 6-27 
consists of radiographs that exhibit SR fog 
—the images have a dull gray appearance 
and lack important details. 


6-15. Influence of Tissues: 
a. The quantity of SR emitted by human 
body tissue depends upon: 

(1) Tissue Thickness. The radiation 
emerging from a tissue thickness of 6 inches 
may assume a ratio of SR to RR of 5 to 1— 
and with greater thicknesses it may rise to 
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10 to 1. Relatively little SR fog will appear 
on radiographs of thin parts of the body 
(such as the hand, wrist, elbow, foot, and 
ankle). 

(2) Tissue Density. The greater the fluid 
content (hydration) of a tissue, the larger 
the amount of SR emitted. 

(3) Kilovoltage Used. See paragraph 6- 
16. 

b. Since the structural composition and 
thickness of a normal body part are relative- 
ly constant, the amount of SR emitted may 
be considered as a constant for a given kVp. 
Wherever there is a physiologic departure 
from the normal, the possible adverse effects 
of increased SR must be considered. For 
example, as a result of injury or disease, an 
invasion of fluid into a knee joint would pro- 
duce a larger quantity of SR than would a 
normal knee. Exposure factors and use of 
SR-controlling accessories (beam restricting 
devices and grids) must be varied to compen- 
sate for the change in tissue density. 


6-16. Influence of Kilovoltage: 

a. General. The characteristics of PR can 
be changed by kVp, resulting in control of 
SR fog and favorable image quality. As the 
kVp is increased, the quantity of fog pro- 
duced may reach a point where it exceeds the 
density produced by RR, which, then, is al- 
most completely hidden because of the pre- 
dominance of fog. 

b. Milliampere-Seconds Compensation for 
Kilovoltage: 

(1) In figure 6-28 a series of chest radi- 
ographs illustrate that as kVp advances, 
radiographic density and fog increase. These 
radiographs were exposed with a range of 50 
to 100 kVp in increments of 10 kVp; the mAs 
and all other factors were constant. The 
emitter of SR inthis case is a human thorax. 
In the 50 and 60 kVp radiographs, no percep- 
tible fog is shown in the images. In the 80 
kVp radiograph the overall density in- 
creased, and the fog density can be visually 
separated from the density produced by RR. 





Figure 6-26. Lateral Screen-Grid Radiographs of the Skull at 55 kVp. 





AFM 160-30/TM 8-280/NAVMED 


P-5119 


1 August 1974 6-19 





Figure 6-27. Radiographs That Exhibit Evidence of SR Fog. 





80 


Figure 6-28. 


Series of Radiographs Demon- 
strating That as the kVp Ad- 
vances and All Other Factors 
Are Constant, Radiographic 
Density Increases. 


The combined densities rapidly gain in silver 
concentration as kVp advances. The fog 
density is obvious in the 90 and 100 kVp ra- 
diographs. 

(2) To balance the radiographic densi- 
ties and secure a satisfactory image, mAs 
must be changed to offset the density influ- 
ence of increased kVp, along with measures 
to diminish the amount of SR. Figure 6-29 
depicts a series of PA radiographs of the 


chest, with a range of 40 to 100 kVp in incre- 
ments of 5. The overall density effect of kVp 
was compensated by using mAs values de- 
rived by the use of table 6-3. All the radi- 
ographs are relatively free from fog and the 
images more nearly in accordance with their 
true tissue-absorption pattern. Since the 90 
and 100 kVp radiographs (K and M, figure 6- 
29) show a small amount of fog, 80 kVp (I, 
figure 6-29) seems to be the optimum value to 
use in PA chest radiography. 


SECTION F—METHODS OF CONTROL- 
LING FOG 


6-17. Kilovoltage. When reducing the kVp as 
a means of reducing fog, image details dis- 
tant from the film may still be fogged. Given 
correct exposure, structures nearer the film 
are usually rendered with satisfactory con- 
trast because only a small amount of SR 
undercuts them. Use of lower kVp helps to 
increase the contrast of the nearer struc- 
tures, but often results in insufficient pene- 
trating radiation. Use of higher kVp is ac- 
companied by appreciable amounts of SR 
depending upon the volume and density of 
the tissue irradiated. Therefore, in a given 
projection, there is a lower limit and an up- 
per limit to the kVp that can be used and still 
secure good radiographs reasonably free 
from fog. Between these limits is an optimum 
kVp that assures penetration of the struc- 
tures with a minimal acceptable fog level for 
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Figure 6-29. Radiographs With Varied mAs (kVp shown). mAs, A-70, B-40, C-20, D-10, E-8.3 
F-6.3, G-5, H-4.1, I-3.3, J-2.5, K-2, L-1.6, M-0.6. ee, Feet 
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all thicknesses of a given part. These image 
characteristics are premised upon efficient 
control of SR. 

a. Effects of Higher Kilovoltages. Radi- 
ographs made with the higher kVp often ex- 
hibit excessive densities (overexposure). The 
heavy densities in the image make it difficult 
to determine how much is due to overexpo- 
sure by RR or by uncontrolled SR. Rather 
than disturb the basic contrast provided by 
the kVp employed, the easiest initial proce- 
dure to correct the high density is to halve 
the mAs, proceeding on the assumption that 
excessive fog is present. Thus, the density 
will be reduced to a value that may be cor- 
rect or enable judgment of further adjust- 
ment; the excessive fog will have been decid- 
edly reduced. The PA screen radiographs of 
the chest in figure 6-30 demonstrate a typical 
example of the condition described. Radi- 
ograph A was made with 80 kVp and 6.66 
mAs; B, with 90 kVp and 5 mAs; C, with 100 
kVp and 3.33 mAs; and all at a 72-inch FFD. 
Heavy densities are shown. When all the 
mAs values were halved and the kVp re- 
mained constant (D to F, figure 6-30), the 
overexposures were corrected and the high 
level of SR fog reduced to an acceptable lev- 
el. By using this rule-of-thumb method of 
halving the mAs when overexposure occurs 
or of doubling the mAs when underexposure 
exists, an image more in keeping with the 
desired result can be obtained. If the quality 
is not satisfactory, an additional small mAs 
adjustment should usually provide the de- 
sired result. The kVp need not necessarily be 
reduced. 





’ Figure 6-30. Series of PA Screen Radi- 


ographs Showing Typical 
Examples of Higher kVp. 
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b. Effects of Lower Kilovoltages. When 
lower kVp is used, overexposure does not 
become complicated by excessive SR fog. It 
is only necessary to halve the mAs value to 
obtain the approximately correct density, or 
to make a further small adjustment of the 
mAs to secure the best quality. The kVp 
should not be changed. Figure 6-31 depicts 
two PA radiographs of the hand made with 
50 kVp and 100 mAs (figure 6-31A) and 50 
mAs (figure 6-31B). The image in A, figure 6- 
31, shows low fog level; by halving the mAs, 
a satisfactory image could be obtained. 





Figure 6-31. Two PA Radiographs of the 
Hand. 


6-18. Grids. Secondary radiation is not only 
produced by the scattering of the primary 
beam by the atoms of the patient’s body 
structures but also by the X-ray beam pass- 
ing through the top of the X-ray table. In 
passing through the body, the primary beam 
sets up numerous centers of SR throughout 
the irradiated part (figure 6-32). The rays 
emitted from these centers within the body 
produce fog which covers the image on the 
film. The larger the volume of body tissue 
irradiated, the greater the fogging effect 
upon the film. 

a. Function of Grids. The function of a 
grid is to absorb SR emitted by body tissues 
before it reaches the film. Although all SR 
cannot be absorbed by the grid, it can be 
greatly reduced. The two types of grids most 
commonly used are the stationary grid and 
the moving grid (P-B diaphragm); the basic 
principle and structure are the same. 

b. The Stationary Wafer Grid: 

(1) Description and Use. The stationary 
wafer grid is composed of alternate strips of 
lead and a radiotranslucent (X-ray trans- 
parent) substance, such as wood, aluminum, 
or a synthetic material. The strips are 
placed parallel to each other and form a very 
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Figure 6-32. Formation of SR and Absorp- 
tion of Same by Lead Strips in 
the Grid. 


thin rectangular sheet the same size as the 
X-ray film. The grid is inserted between the 
patient and the cassette which contains the 


film so that the strips are lined up vertically 


beneath the patient’s body. The PR emitted 
from the FS of the tube passes between the 
lead strips to reach the film. Since the direc- 
tion of the SR cannot be controlled it is emit- 
ted in angles in all directions. Most of it 
strikes the lead strips at large angles and is 
absorbed, thus having little effect upon the 
film (figure 6-32). As much as 90 percent of 
the SR can be absorbed by the stationary 
wafer grid. The use of such a grid, therefore, 
greatly increases the diagnostic value of the 
radiograph because of the improved quality 
of the radiographic image. Although an im- 
age of the lead strips of the grid appears on 
the radiograph as evenly spaced thin white 
lines, they are not a disadvantage from the 
diagnostic standpoint. At the normal view- 
ing distance of about 30 inches, the lines can 
seldom be seen. Normally, wafer grids are 
focused, that is, the lead strips are not par- 
allel (c(2) below). Special care must be exer- 
cised in the use of this type of grid. If it is 
used at a very short FFD, the berm will be 
too widely divergent and the peripnery 


(boundaries) of the radiograpn will be vweier- 


exposed because the outer rays will be ab- 
sorbed by the lead strips. The beam must 
also be exactly perpendicular to the center 
of the grid, for if it is tilted across the length 
of the lead strips, more of the rays will be 
absorbed on one side than on the other; and 
the edge of that side of the radiograph will 
be lighter. | 

(2) Necessity for Increasing Exposure. 
When a grid is used, it is necessary to in- 
crease the exposure. The lead strips absorb a 
considerable amount of energy, and the ex- 
posure must be increased by adding kVp or 
mAs. However, because the grid is very thin, 
there is so little increase in the object-to-film 
distance (OFD) that there is little distortion 
of the radiographic image. 

(3) Grid Ratio. The effectiveness of a 
grid in absorbing SR is determined by the 
grid ratio. The grid ratio is that of lead strip 
depth to radiolucent spaces width. If the ra- 
diolucent spaces between the lead strips in a 
grid average 0.25 mm, and the lead strips are 
2 mm deep, the grid ratio is 2 + 0.25 = 8. Such 
a grid would be called an 8:1 grid, a common 
grid ratio. The efficiency of grids increases 
with increased grid ratio. For example, an 
8:1 grid ratio is more efficient than a 5:1 ra- 
tio. With the lower grid ratios, less fog is 
eliminated, but there is the advantage of 
more latitude in positioning and in selecting 

(4) Use with Cassettes. Grids are availa- 
ble in varying sizes and are used according 
to the size of the cassette to be covered. 
However, if a cassette is smaller than the 
grid to be used, a wooden frame is placed 
around the cassette to support the grid. As 
the grid is quite thin, it would be bent if it 
were not, supported in this manner when a 
heavy body part is positioned over it. The 
lightness of the grid makes it particularly 
suitable for use with portable equipment and 
in making radiographs of thick body parts in 
an upright position. Intensifying screens 
normally are used with the grids so that 
heavy exposures will not be necessary. Some 
body parts, however, can be X-rayed using 
the grid without a screen, particularly in 
radiography of the ribs, shoulders, or knees. 
In these instances, excellent detail and con- 
trast can be produced without use of the 
screen, but at the sacrifice of giving the pa- 
tient a large dosage of radiation. Grid cas- 
settes containing a built-in grid in the front 
of the cassette are available. 

c. The Potter-Bucky Diaphragm: 

(i) The “Potter-Bucky diaphragm’ is a 

gird which moves across the film during the 


Y 
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time of the X-ray exposure. It is placed be- 
tween the patient and the cassette. The 
strips of lead and radiotranslucent sub- 
stance composing the P-B diaphragm may be 
thicker than those of the stationary grids 
because the movement of the grid while the 
exposure is being made keeps the shadows of 
the lead strips from appearing on the radi- 
ograph. 

(2) The P-B diaphragm in general use is 
a focused grid—the lead strips are inclined 
at such angles that if they were extended 
into space they would meet at a point (the 
“grid focus’’). Ideally, the X-ray tube should 
be placed at this point (figure 6-33). The ver- 
tical distance between the grid focus and the 
center of the grid is the grid radius (R, figure 
6-33). An 8:1 grid will be efficient if the FFD 
is not changed by more than plus or minus 25 
percent of the grid radius; distances either 
more or less result in a proportionate de- 
crease in density around the margins of the 
radiograph because of relatively increased 
absorption around the periphery of the beam 
(figure 6-34). The beam must not be tilted 
across the direction of the lead strips be- 
cause it will decrease the density along the 
edge of the film. However, tilting the beam 
parallel to the long axis of the lead strips 
does not cause a variation in the density of 
the radiograph produced. (NOTE: When using 
a crosshatch grid, which is two linear grids 
placed one on top of the other, the CR should 
not be angled at all.) Since the P-B dia- 
phragm is positioned under the top of the 
radiographic table with the lead strips par- 
allel to the long axis of the table, the beam 
may be tilted along the table’s long axis but 
must not be tilted across the table (b(1) 
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above). To obtain the highest degree of grid 
efficiency, care must be taken to direct the 
tube toward the center of the grid. The de- 
crease in the efficiency of a focused grid 
caused by an off-center position of the tube 
is in effect the same as angling the tube (fig- 
ure 6-35). 

(3) It is important that a focused grid, 
which has a “film side” and a “tube side,” be 
placed correctly, with the film side toward 
the film and the tube side toward the target 
of the tube. Little or no exposure of the outer 
edges (peripheral regions) of the radiograph 
will result if the grid is inverted. 

(4) In the P-B diaphragms, the 8:1 and 
12:1 grid ratios are most commonly used. 
When changing from grid to nongrid, non- 
grid to grid, or from one grid ratio to anoth- 
er, appropriate changes in the technique 
must be made. 

(a) One conversion system is outlined 
below: 


Grid to 

Ratio Nongrid to Grid Nongrid 
5:1 +15kVpor2.5XmAs -15kVp 
6:1 +15kVpor2.5XmAs -15kVp 
8:1 +20kVpor3.5XmAs -—20kVp 
12:1 +25kVpor4.5XmAs —25kVp 
16:1 +30kVpor5.6XmAs -—30kVp 


(b) Another conversion system is as 
follows: 


Grid to 

Ratio Nongrid to Grid Nongrid 
5:1 +10%o0f kVp -—10%of kVp 
8:1 +15%o0f kVp -—15%of kVp 
12:1 +20% of kVp -—20% of kVp 
16:1 + 25% of kVp -—25%of kVp 


NOTE: The system in this paragraph repre- 
sents a change of 5 percent per ratio grid 
change. 

(c) The different conversion systems 
given in (a) and (b) above represent two 
schools of thought. In (a) the nonlinear as- 
pects of kVp are not considered important in 
this type of technique conversion. In (b) the 
nonlinear aspects are taken into considera- 
tion; consequently the kVp changes are in 
percentages. Both systems are expected to 
produce adequate results; however, addition- 
al compensations must be made if there is a 
change in the lines per inch of the grids. 

(5) The movement of the P-B diaphragm 
during the X-ray exposure is accomplished 
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Figure 6-34. The PR Sitichireasacctianade of 
FFD. 


by a mechanism which moves the grid be- 
tween the patient and the film. There are two 


general types of P-B diaphragms in use: 


(a) The manual cock-type utilizes a 
spring which moves the grid across the film. 
Because the motion can be in but one direc- 
tion and for only a limited distance, each 
time the grid is to be used the spring must be 
stretched by a cocking device and the grid 
held in place by a releasable catch. A hy- 
draulic timing device is used to determine the 
speed of the grid motion. The speed should be 
slightly longer than the exposure time to 
Insure motion of the grid during the whole 
exposure. The difference in grid time and 
exposure time should not be extreme, be- 
cause if the grid moves too slowly the grid 
strips may remain in some areas for a longer 
period of time than in others. This will cause 
grid lines (shadows of the lead strips) to 
appear on the film. Just prior to exposure the 
grid is released by a manual or an electrical 
remote control switch. A bell is so placed as 


to ring upon completion of the grid motion 
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Figure 6-35. Effect of Angled CR. 


Ordinarily, the manual cock-type Bucky dia- 
phragms should not be used for exposures 
shorter than 3/4 sec. 

(b) The reciprocating grid utilizes an 
electric motor to move the grid back and 
forth above the film. The device that moves 
the grid is so designed that the time during 
which the grid stops at each end of its sweep 
is made as short as possible. No considera- 
tion need be given to the speed of the grid 
motion since that motion automatically 
starts at the beginning of the exposure an¢é 
stops at its completion. Reciprocating grids 
may vary from one manufacturer to anoth- 
er; some have a grid speed that is identical in 
both directions, while others may have a 
slow sweep in one direction and a rapid 
sweep in another. Reciprocating grids may 
be used for exposures as short as 1/20 sec, 
however, some high-speed grids may be used 
for exposures of even shorter duration. 

(6) The appearance of grid lines on the 
film when the Bucky is utilized is usually 
caused by the following errors: 

(a) The exposure is started before the 
grid is travelling at full speed. 

(b) The exposure is prolonged after 
the grid has stopped moving or the move- 
ment has slowed down. 
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(c) There is irregularity in the move- 
ment of the grid (may occur if anything rubs 
against the grid and restrains its motion). 

(d) The tube target is not aligned with 
the center of the diaphragm. 

(e) There is synchronism between the 
movement of the grid strips and pulsations 
in the tube current. If the speed of the grid is 
such that succeeding lead strips are always 
above a given point on the film at the same 
instant that the pulsations of the current 
produce X-rays (when a kVp is reached), 
images of the grid will appear on the film. 

(7) The P-B diaphragm is especially use- 
ful in making radiographs of thick parts of 
the body. For such radiographs, cassettes 
with intensifying screens should be used 
because relatively heavy exposures are nec- 
essary. The P-B diaphragm normally is not 
to be used with cardboard holders. 


6-19. Cones, Cylinders, Diaphragms, and Col- 
limators: 

a. Modification of the Primary Beam. SR 
can be reduced by modifying the primary 
beam. In the use of conventional equipment, 
the amount of SR is increased if the kVp is 
increased to a high value. To keep the SR as 
low as possible, the kVp should never be ex- 
cessively high unless heavier filtration of 
rays and grids with a high grid ratio (12:1 or 
16:1) are used. If the volume of irradiated 
tissue is kept as small as possible, the quan- 
tity of SR will be reduced in proportion. For 
this reason, the size of the field of entry of 
the X-ray beam must be limited to the small- 
est possible area that will cover the body 
area of diagnostic interest. The X-rays that 
strike the body area being exposed should be 
limited to a field no larger than the film that 
is used. The size of the field of entry is re- 
stricted by placing beam restricting devices: 
cones, cylinders, diaphragms, or collimators 
in the path of the primary beam. Figure 6-36 
shows a cone, a cylinder and a diaphragm. 

b. Cones, Cylinders, Diaphragms, and Col- 
limators. Besides reducing the amount of SR 
produced (figure 6-37) and thereby improving 
the quality of the final film, these devicés 
also reduce radiation damage to the patient 
by reducing the volume of tissue irradiated. 
These devices are placed as close to the X- 
ray tube as its housing will permit; in this 
way, they absorb the wide angle radiation 
that would not form a useful image on the 
film. Cones, cylinders, diaphragms, and colli- 
mators do not focus or bend the X-ray beam 
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—they absorb the unwanted part of the 
beam instead. | 

(1) Cones. A cone-shaped metal tube 
which absorbs the unwanted divergent rays 
from the X-ray beam (A, figure 6-36). The 
purpose of the cone is to produce a limited 
beam of radiation, so that a specific size film 
is completely covered. 

(2) Cylinders. A cylindrically shaped 
metal tube which absorbs the unwanted part 
of the beam (B, figure 6-36). The cylinder 
differs from the cone in that the cylinder is 
designed to project a small beam of radiation 
to the center of the film. The cylinder is 
usually adjustable; an extension cylinder 
may be extended in length. As the cylinder is 
lengthened, the cone field becomes smaller; 
as it is shortened, the cone field becomes 
larger. | 
(3) Diaphragms. A diaphragm consists 
of a piece of lead with a small hole cut into it 
(C, figure 6-36). Unwanted radiation is ab- 
sorbed by the lead, while useful radiation 
passes through the hole to the film. The dia- 
phragm usually is used only when cones or 
cylinders are not available. Diaphragms 
may be made to produce almost any size cone 
field desirable. 

(4) Collimators. The best all around de- 
vice for restricting the primary beam is the 
collimator. It has a series of adjustable shut- 
ters which provide a variety of square and 
rectangular shaped X-ray fields. In addition, 
the collimator projects a light which indi- 
cates the actual x-ray field. 

(a) Collimators should be checked pe- 
riodically to make sure the “light” field coin- 
cides with the “radiation” field. This test can 
be done by marking the boundaries of the 
light field on a cassette with some opaque 
markers, and making an exposure. If the 
light field and the radiation field do not coin- 
cide, the discrepancy will show up on the 
processed film and appropriate adjustments 
can be made on the collimator. See the manu- 
facturer’s brochure before making adjust- 
ments. 

(b) Some collimators are automatic; 
that is, they automatically adjust to the film 
size when the Bucky tray is used. 

c. Geometry of Film Coverage. Using the 
principle of similar triangles, the size of the 
cone field can be determined for cones, cylin- 
ders, or diaphragms. The factors which de- 
termine the size of the exposed area on the 
film (diameter of the cone field—DCF) are: (1) 
FFD, (2) the distance from the anode to the 
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Figure 6-36. Cone, Cylinder, 
phragm. 
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Figure 6-37. 


Effect of Cylinder on SR For- 
mation. 


lip or bottom of the cone (anode-lip distance 
—ALD), and (3) the diameter of the mouth of 
the cone (diameter of the cone—DC) (figure 6- 
38). Mathematically the relationship may be 
expressed as: 

FFD _ DCF 

ALD 7 DC 
When used with cones, the unknown factor ts 
the DCF, in which case the FFD, ALD, and 
DC are dictated by the situation. When used 
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with a cylinder, the FFD, DCF, and DC are 
always known, and the unknown factor is 
the ALD (the degree of extension of the cylin- 
der). In this case, the ALD must be adjusted 
to produce the desired DCF. In making a dia- 
phragm, the ALD is determined by the posi- 
tion of the filter slot in the tube head where 
the diaphragm is to be placed. If the FFD is 
fixed, a hole has to be cut that will produce 
the specific sized cone field. The size of the 
hole to be made can be found by solving for 
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d. Ratio of Secondary Radiation to Rem- 
nant Radiation. The ratio of SR to RR emit- 
ted by thin parts is small, irrespective of the 
size of the field, because of the small amount 
of tissue irradiated. However, this does not 
hold true for the thicker and more dense 
structures, such as are shown in a series of 
PA screen radiographs (figure 6-39) of the 
frontal sinuses which were all exposed with 
the same factors. Radiograph A was made 
without a cone; the high image density is 
largely attributable to fog. Radiograph B 
was made with a large cone, and the fog is 
somewhat reduced. Radiograph C was made 
with a smaller cone, and the level of fog has 
been greatly reduced. Radiograph D was 
made with a cone of correct size, and the 
image contains all anatomic details clearly 
and with a minima! level of fog. When the 
entire area of a film is to be exposed, the x- 
ray beam should be limited to the film size if 
a collimator is used. If a cone, cylinder, or 
diaphragm is used, the diameter of the cone 
field should be no larger than the film diago- 
nal. 


SECTION G—FUNCTION OF MILLIAM- 
PERE-SECONDS 


6-20. Introduction. The mAs directly influ- 
ences radiographic density when all other 
factors are constant. Either the mA or sec 
may be changed to conform to required radi- 
ographic exposures as long as their product 
—mAs—remains the same. This holds true on 
all direct X-ray exposures. However, intens!- 
fying screen exposure may show some loss in 
radiographic density when the exposure 1s 
exceedingly long because of failure of the 
reciprocity law. The mA is seldom changed 
for a given projection and may usually be 
considered as a constant; the sec can 
readily changed and should constitute the 
variable in the mAs. For ease in computa- 
tion, the mAs may be employed for a given 
projection rather than its components. 


6-21. Rule of Thumb for Density Changes. It 
requires at least a 35 percent increase in 
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Determination of Film-Cover- 
age Using a Cone. 


Figure 6-38. 





Figure 6-39. PA Screen Radiographs of the 
Frontal Sinuses Which Were 
All Exposed With the Same 
Factors. 


mAs to produce a discernible increase in den- 
sity. To produce a worthwhile increase or 
decrease in density, a rule of thumb can be 
employed to effect density changes in an or- 
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derly and easy manner. When the kVp and 
processing are constant, to change density, 
either double or halve the initial mAs value, 
depending upon the requirements. If further 
alteration is necessary, an intermediate 
change either way from the last mAs used 
should produce the desired density, or one so 
close that only a slight adjustment of the 
mAs value is needed. 


6-22. Reciprocity Law. An important photo- 
graphic law formulated in 1875 states that 
the reaction of a photographic emulsion to 
light is equal to the product of the intensity 
of the light and the duration of exposure. 
This phenomenon occurs in radiography 
only when direct exposures are made. When 
intensifying screens are used, the law does 
not strictly hold true, because exposure of 
the film under these circumstances is chiefly 
caused by the fluorescent light emitted by 
the screens and very little by the direct ac- 
tion of X-rays. Failure of this law may be 
observed when the radiographic density is 
greater upon short exposure with a large 
quantity of fluorescent light than that pro- 
duced by a long exposure and a small amount 
of fluorescent light even though the total 
quantity of X-radiation exposing the film 
remains the same, that is, mAs. It is not nec- 
essary to be concerned about this effect in 
routine work, for it is seldom encountered 
because of the speed of the X-ray film emul- 
sion; therefore, the mAs value may be con- 
sidered reliable for use as an exposure factor 
in general radiography. For example, ap- 
proximately the same radiographic density 
will be obtained whether 50 mA is used for 1/ 
10 sec or 10 mA for 5/10 sec—both conditions 
entail the use of 5 mAs. 


6-23. Tables of Milliampere-Second Values: 

a. Tables 6-4 and 6-5 make possible rapid 
determination of mAs values when the sec 
and the mA are known. Table 6-4 lists the 
common fractional exposures and the num- 
ber of impulses employed for short expo- 
sures. Table 6-5 lists exposure times of long- 
er duration. The mA values in each table are 
identical. To use the tables, find the exposure 
to be used in the left-hand vertical column; 
then, in the horizontal row at the bottom of 
the table, find the mA value to be used. The 
required mAs value is found at the point 
where these two columns intersect. 

b. In computing mAs values, it is often 
convenient to use the decimal equivalent of 
the exposure time fraction. Table 6-6 lists 
decimal equivalents of commonly employed 
exposure fractions. The numerators of frac- 
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Specific mA and Time Values (Impulses (1/120 


ved by Multiplying 


mAs Values Deri 
sec) and Time Fractions). 


‘Table 6-4. 
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) Table 6-5. mAs Values Derived by Multiplying Specific mA and Time Values (1/10 to 4 Sec- 
onds). 








Milliampere seconds 


Yo 
Ao 
y, 

io 


Ho 


Yo 

Ko 

Ao 

y, 

Ko 

Ko 
1 
14 
1% 
1% 
2 






ol 


Spuocces siedwel [iy 


24, 
21 
25, 
3 

314 
3% 
3% 
4 


Milliamperes 






b 


Table 6-6. Decimal Equivalents of Fractional Exposure Times. 











Decimal equivalents of fractional exposures 





Numerators 


2 0.5 
3 333 
4 25 
5 2 
6 167 
q 143 
7 8 125 5 
8 9 lll 3 
a 10 1 3 
£ g. 
q 11 09 3 
3 12 083 z 
3 15 067 z 
20 05 
24 042 
30 033 
40 025 
60 017 
120 008 





» tions are listed horizontally at the top of the |§ The body of the table contains the decimal 
table, and the denominators are listed verti- equivalents of various combinations of nu- 
cally in the columns to the left and the right. merators and denominators. 
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6-24. Milliampere and Time Relation: 

a. Rule. The mA required for a given radi- 
ographic density is inversely proportional to 
the time of exposure when the mAs is to re- 
main constant. This rule may be expressed 
by the following formula: 


mA, X sec; = mAz X sece 
mA, = original mA 
sec; = original sec 
mA, = new mA 
sec, = new sec 


b. Problem. If 10 mA (mA;) and an exposure 
time (sec,) of 0.5 sec are employed in making a 
radiograph and it is desired to decrease the ex- 
posure time (sec.) to 0.05 sec, what mA (mAz2) 
would be needed to assure comparable radio- 
graphic densities? 

ce. Solution. mA,, sec;, and sec, are known; 
mA», is unknown. 


ey ee mA, X sec, 
SEC 2 
1 0.5 5 
mA, = ~ = 0.05 = 100 mA. Answer. 


6-25. Time-Density Relation. When all other 
factors but time are constant, the quantity 
of X-rays emitted by the X-ray tube increas- 
es in direct proportion to the time of expo- 
sure. Thus, the quantity of X-rays applied in 
1 sec is doubled when the exposure time is 2 
sec. Since radiographic density is influenced 
by this action, increasing the time increases 
the density and vice versa (figure 6-40). 


" 


Ke 


Figure 6-40. 





Influence of Sec on Density. 
#1-X Sec, #2-5X Sec, #3-10X Sec. 


6-26. Experiment—Milliampere-Time Density 
Relation: 

a. Purpose. The purpose of this experi- 
ment is to demonstrate the interrelation of 
mA and exposure time with respect to radi- 
ographic density when all other factors are 
constant. 

b. Theory. The mA required for a given 
radiographic density is inversely propoer- 
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tional to the exposure time when all other 
factors are constant. 

c. Procedure. The mAs-density relation is 
demonstrated by three PA radiographs of 
the hand (figure 6-41), the materials and ex- 
ad factors being used are shown in table 

-7, 

d. Comment. The radiographs (figure 6-41) 
demonstrate that as the mA is increased and 
all other factors but time are constant, time 
may be reduced to equalize radiographic 
densities. Since mA and time directly influ- 
ence density, in actual practice the mA is 
usually established as a constant and the 
exposure time as a variable. Modern appara- 
tus is usually calibrated with preset mA sta- 
tions, and it is difficult to convert to manual 
control operation and accurately select all 
mA readings from the meters. 


SECTION H—GEOMETRY OF IMAGE 
FORMATION 


6-27. Shadows: 

a. General. The formation of the radi- 
ographic image is dependent upon geometric 
conditions associated with its projection. 
Actually, the image is composed of various 
details that are renditions of the anatomical 
structures through which the X-ray beam 
passed. These details are defined by various 
degrees of sharpness and shape, depending 
upon the geometric conditions. “Definition” 
describes the sharpness with which the de- 
tail is recorded. Radiographic details are 
never points in the image but are minute 
areas of black metallic silver. 

b. Shadows and X-ray Images. A shadow 
is a mass of darkness or shade produced on a 
surface by an object that intercepts a beam 
of light—it is a silhouette. An X-ray image is 
also a shadow, but it contains abundant de- 
tails. Except for the physical laws for the 
formation of a shadow by light and those 
that make an X-ray image, there is no simi- 
larity between a shadow and an X-ray image. 
The shadow caused by light and the image 
produced by X-rays are very dissimilar in 
appearance. There is some resemblance be- 
tween an image produced by a lens and that 
produced by an X-ray beam, but the means of 
production are entirely dissimilar. The laws 
governing the formation of a light shadow, 
such as size and shape of light source and its 
distance from the object and recording sur- 
face, have a definite influence on the size, 
shape, and peripheral sharpness of the shad- 
ow. This situation is comparable to the pro- 
duction of an X-ray image using such factors 
as an X-ray FS, FFD, OFD, et cetera. 
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Table 6-7. Mulliampere—Time Density Relation: Experiment. 


Materials Film 


Exposure holder 


Cone 


Constant factors Development 


FFD 
Filter 


mAs 
Variable factors 


1 
2 
2 


c. Shadow Formation by Light: 

(1) General. When an enlarged though 
sharp shadow of the object is to be produced 
by means of light: 

(a) The source of the light must be 
small. 

(b) The source of the light should be at 
a practical distance to avoid objectionable 
enlargement. 

(c) The recording card should be as 
close to the object as possible so as to avoid 
a great degree of enlargement. 

(d) The light should be directed per- 
pendicularly to the recording card. 

(e) The plane of the object and the 
ee of the recording card should be paral- 
lel. 

(2) Illustration. To demonstrate shadow 
formation by light, a source of light (LS), an 





Effect of mA and Time on Radi- 
ographic Density When All 
Other Factors Are Constant. 


Figure 6-41. 


Exposure No. 


Screen-type, 8 X 10 inch. 


8 X 10 inch cardboard 
holder. 


To cover exposure area. 


50 
36 inches 
1 mm aluminum 


50 


Time 


5 sec 
1 sec 
1/2 sec 





opaque object (OB) to be projected by the 
light, and a recording card (RC) are needed. 
The plane of the object should be parallel to 
the plane of the recording card. 

(a) Point Light Source. Assume that 
LS falls on the RC (A, figure 6-42), and the 
OB is interposed between LS and RC. A shad- 
ow (S) of the OB will be formed, the edges of 
which are sharply defined. The S naturally is 
larger than the OB. The degree of enlarge- 
ment will vary according to the distance of 
the OB from RC and LS. When the OB is 
moved nearer the LS, the margins of the S 
are still sharply defined, but the S is larger 
(B, figure 6-42). When the OB is placed at the 
same distance from the RC, as shown in dia- 
gram B, but the distance from the LS is in- 
creased, the S is reduced (C, figure 6-42). In 
all these examples, the periphery of the S is 
sharply delineated because a point source of 
light was used; the size of the S, varied with 
the distance between the OB and the RC, as 
well as between the OB and the LS. 

(b) Area Light Source. Assume anoth- 
er situation wherein the LS is a small area 
(D, figure 6-42) instead of a point. The rela- 
tion of the OB to the RC is the same as shown 
in diagram B. Many points of light emanate 
from this source, and many light beams 
strike the OB; each, in turn, produces its S of 
the OB on the RC. The result of these com- 
bined S diffuses the margins of the image so 
that it is not sharply defined. The S produced 
in diagrams A, B, and C are umbras and their 
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margins are sharply defined. In diagram D, 
an umbra is present, but its margins are not 
sharp. The area of unsharpness is a penum- 
bra (P). Some improvement in definition may 
be secured if the OB is placed nearer to the 
RC or if the LS is moved farther away. 





Figure 6-42. Diagrams Illustrating Shadow 
Formation by Light. 


6-28. Image Characteristics: 

a. General. Every radiographic image 
represents a projection on a two-dimensional 
surface of a number of body details disposed 
in a three dimensional medium. A spatial sit- 
uation of this character produces distor- 
tions that are a departure from the actual 
situation; the depth factor is lost in some 
degree; and variations from the true shapes 
and sizes of the object oecur. Consequentiy, 


the projection of the X-ray heanm should he 
such that these image-deeradivgs cthects are 
reduced to a@ minimum. The source of the a- 
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ray beam is at the target in the x-ray tube, 
and it cannot be a point—it must be a small 
area. The size of the area varies with the 
electrical capacity of the tube. The radi- 
ographic image cannot ever be geometrically 
sharp because it consists of a large number 
of minute specks of silver located on both 
sides of the film base. The borders of the 
image are broken up into microscopic specks 
which the eye is not capable of seeing indi- 
vidually and which may seem to consist of 
diffused lines of configuration. The sharp- 
ness of detail is directly influenced by the 
width of the marginal diffusion. 

b. Reduction of Unsharpness: 

(1) Measures. Measures to reduce detail 
unsharpness to a minimum are: 

(a) As small an FS as possible should 
be used, consistent with the safety limits of 
the electrical load on the X-ray tube. 

(b) The FFD should be as long as pos- 
sible, within practical working limits. 

(c) The OFD should be minimal. 

(d) The CR should pass through the 
center of the part and perpendicular to its 
major planes and that of the film. 

(2) Influence of Factor Change. The ef- 
fects of the above changes are illustrated in 
figure 6-43. In diagram A, an OB was placed 
so that the OFD was long; a large FS was 


- used. The P as projected on the film was wide, 


indicating excessive image unsharpness that 
was also influenced by the relatively short 
FFD. The situation represents the worst 
sort of geometric relationship between im- 
age and OB. In diagram B, the same condi- 
tions prevailed as in A, except that a smaller 
FS was used. The narrower P indicates that 
less unsharpness was obtained. In diagram 
C, along FFD was used with other conditions 
remaining as in A. The increased FFD nar- 
rowed the P, but not to the same extent as in 
B, where a smaller FS was used. In diagram 
D, the same conditions prevailed as in C, ex- 
cept that a small FS was used. The very nar- 
row P indicates a decrease in unsharpness 
due to the use of a smaller FS. This condition 
should prevail when an appreciable OFD ex- 
ists. Diagram E shows the OB close to the 
film; an average FFD and a large FS were 
used. A fair degree of sharpness was 
achieved, although a smaller FS as shown in 
diagram F, slightly improved the sharpness. 
Inagrams E and F illustrate that when the 
OB is close to the film, the size of the FS is, in 
a measure, Immaterial when the thickness of 
the (Bis within average limits. A large FS 
at aiong It D with the OB close to the film as 
<Sown in diagram G, produced a very narrow 
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) Figure 6-43. Situations Affecting Image Sharpness. 
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P. By using a smaller FS under the same 
conditions as in G, the maximum sharpness 
was obtained as shown in diagram H. Of all 
the situations depicted in diagrams A 
through H, the image sharpness is at its 
maximum in H. 


6-29. Types of Definition: 

a. General. Definitions may be divided into 
three types: (1) geometrical unsharpness, 
which is influenced by the FS, OFD, or FFD; 
(2) motion unsharpness, which may be volun- 
tary or involuntary on the part of the pa- 
tient, or caused by vibration of the appara- 
tus; and (3) screen unsharpness, which is 
influenced by the character of the screens 
and screen-film contact. All of these factors 
contribute to the total unsharpness. Correc- 
tion of some factors may include unsharp- 
ness by some other factor. For example, if a 
radiograph were made without screens to 
ensure image sharpness, patient movement 
= cause blurring if a long exposure time is 
used. 

b. Geometrical Unsharpness. Geometrical 
unsharpness is influenced by all factors of 
projection that alter the size, shape, and lo- 
cation of images of structures traversed by 
the X-rays. 

(1) Influence of Focal Spot: 

(a) The FS of the X-ray buse is compar- 
able to the light source used in shadow for- 
mation. The influence of the FS on definition 
is confined to image sharpness. With all oth- 
er factors constant, the smaller the FS, the 
sharper the definition. A large FS, although 
capable of withstanding high electrical ener- 
gies, does not produce the sharpness of de- 
tail that is characteristic of tubes with a 
small FS. In some instances, a long FFD will 
aid in showing sharper detail when using a 
large FS, but it is generally advantageous to 
use a smaller FS with smaller tube capaci- 
ties or a rotating anode tube. The relative 
unsharpness produced by a larger FS is 
immaterial when the object is close to the 
film. 

(b) The site of the projected FS varies 
with the angle at which it is projected from 
the target (figure 6-44). When the projected 
FS is nearly perpendicular to the face of the 
target, it is large (4, figure 6-44), becoming 
smaller as the angle decreases toward the 
CR. The FS as projected at the CR (2, figure 
6-44) is characteristic of the rated or effeec- 
tive focus of the tube. As the projected FS 
moves anode-wise from the CR, it becomes 
smaller (1, figure 6-44) until 1t reaches the 
limits of the anode side of tne beam. At rou- 
tine FFI), the ditferences in sharpness of 
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PROJECTED FOCAL 
SPOTS 1—2—3-4 


/ 


PROJECTED 
EFFECTIVE 
FOCAL SPOT 


Figure 6-44. 


pa | 


Diagram Showing How the 
Size of the FS Varies With the 
Angle at Which It Is Projected 
From the Target. 


definition are minimal and difficult to deter- 
mine visually. 

(2) Influence of Object-Film Distance. 
When the object is at some distance from the 
film as shown in diagram B, figure 6-43, the 
sharpness is not as great as it is in F, figure 
6-43, wherein the object is shown next to the 
film. The larger the OFD, the greater the 
unsharpness. The use of grids requires an 
increase in OFD, but the gain in contrast 
offsets the small amount of image unsharp- 
ness introduced. The effect of OFD is illus- 
trated in figure 6-45. A series of four PA ra- 
diographs of a hand was made in which all 
factors were constant except the OFD. Radi- 
ograph A was made with the hand on the 
film; for B, the OFD was 2 inches; for C, 6 
inches; and for D, 8 inches. As the OFD was 
increased, the size of the hand also in- 
creased. 

(3) Influence of Focus-Film Distance. 
When a body part is placed on a film, image 
unsharpness is minimal, and its degree is 
directly attributable to the projected FS and 
the FFD. When a short FFD is used, the un- 
sharpness increases. The image of the plane 
of the body part next to the film is always 
sharper than the image of the plane farthest 
away. At maximum FFD, definition is im- 
proved and the image is also more nearly the 
actual size of the body part. In all situations 
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Figure 6-45. Radiographs With Various OFD. 
A - no OFD; B - 2 in.; C - 6 in.; D - 8 in. 


sharpness is improved as the FFD is in- 
creased. However, it is impractical to extend 
the FFD to the point where the unsharpness 
is less than the crystal size of the intensify- 
ing screens. Also, the greater the FFD, the 
greater the probability of introducing mo- 
tionunsharpness because of the need for 
longer exposures. When a body part cannot 
be placed close to the film, the FFD should be 
increased beyond that normally used. A good 
beginning would be to double the normal 
value. 

c. Motion Unsharpness. Motion of a body 
part being examined directly influences 
sharpness of image definition. The only 
means for controlling the effects of motion 
are (1) patient cooperation, (2) immobiliza- 
tion of the part being examined, and (3) short 
exposures. 

(1) Voluntary Motion. Voluntary mo- 
tion may take several forms. The noncooper- 
ative child who needs restraint is a common 
form. The patient who does not understand 
the manner in which he is to cooperate is 
usually the fearful one. An explanation of 
the procedure usually creates confidence. 
When in doubt, immobilize the part and use 
short exposures. 

(2) Involuntary Motion. Involuntary 
motion is normally associated with the phy- 
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slologic activity of the body tissues. Respi- 
ration produces movement of the thorax and 
its contents so that short exposures are 
mandatory. The normal adult respiratory 
rate is 16 to 18 respirations per minute; in 
some pulmonary or cardiac lesions, the rate 
may be greater; in the newborn, it may be 30 
to 40 per minute. Respiration also influences 
in some degree the viscera adjacent to the 
diaphragm. Movement of the heart and great 
vessels is an important radiographic factor. 
Functional activity of other abdominal vis- 
cera tends to produce motion. 

(83) Effect of Motion on Image. The influ- 
ence of motion in producing image unsharp- 
ness is shown in figure 6-46—the object 
moved during the exposure resulting in un- 
sharpness in the margins of the image. 





MOVING 
OBJECT 


RK NF 


ee Se PENUMBRA a 


IMAGE BORDERS 
NOT SHARP 
Figure 6-46. Diagram Showing the Influ- 
ence of Motion in Producing 
Image Unsharpness. 


(4) Immobilization. Immobilization is 
imperative in radiography, for differential 
diagnoses depend upon the visualization of 
sharp, undistorted images. Movement should 
be eliminated during the exposure to avoid 
blurring of details in the image. 

(a) Composing the Patient. The X-ray 


- technologist is responsible for keeping the 


body part immobile. Frequently, the patients 
are nervous and afraid; some may tremble. A 
few words of assurance will help put the pa- 
tient at ease. 
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(b) Immobilization Methods: 

1. Much of the success in obtaining 
a good radiograph is dependent upon the 
closeness and firmness with which the part is 
placed against the film-holder and the meth- 
od of immobilization used. Even with short 
exposures immobilization is necessary. Prop- 
er immobilization assures comparison of 
symmetrical parts, for it also serves to pre- 
vent involuntary rotation of the part. The 
tube carriage should always be locked in 
position because its vibration is a common 
cause for blurred radiographs. 

2. There are a number of good meth- 
ods for immobilizing the body part, such as 
sandbags, compression bands, compression 
cones, and special clamps. Many of these 
devices for immobilization are found in the 
modern laboratory. An important aspect of 
immobilization is compression of tissues, 
particularly in the abdomen. By displacing 
some of the tissues, less SR is produced and 
better definition attained because of the 
improvement in contrast. 

(c) An Advantage of Motion. Tissues 
in motion can in some instances serve diag- 
nostic purposes, because their movement can 
be made to blur out undesirable details of 
superimposed structures. This can be effec- 
tively accomplished in lateral radiography 
of the thoracic vertebrae and the sternum. 

d. Screen Unsharpness. The introduction 
of unsharpness when X-ray intensifying 
screens are used is discussed in Section I, 
this chapter. 


6-30. Distortion: 

a. General. Body parts are not always 
symmetrical since the body is an irregularly 
shaped object. Because of this, the radi- 
ographic image of a body part is sometimes 
misshapen, and the different portions of the 
area under exposure are not shown In cor- 
rect relationship to each other. This untrue 
portrayal of the shape or size of a body part 
(or other object) in a radiograph is called 
distortion. There will be a certain amount of 
distortion in every radiograph, since the film 
upon which the radiographic image appears 
has only one plane, and the body part, or any 
other three-dimensional object  radi- 
ographed, has many planes. There are two 
kinds of distortions: (1) magnified distortion, 
in which the image ts larger than the object; 
and (2) true distortion, in which the image 
shape is different from the shape ef the ob- 


ject. 
b. Magnified Distortion: 
(1) General. Maginfieation, or miavritied 
distortion, in the radie@ray nie laage is 4 
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normal occurrence. The degree of enlarge- 
ment is a function of the FFD and OFD. 
When the object is close to the film, enlarge- 
ment is minimal. When the center of the part 
is traversed by the CR, normal magnification 
occurs. Whether the FFD is great or small, 
when a large OFD exists, the image will al- 
ways be magnified to a degree. The use of a 
long FFD in these situations serves only 
slightly to increase the sharpness of defini- 
tion and decrease the image size. Therefore, 
the film should always be placed as near the 
object as possible, even though some true 
distortion of the image may occasionally 
result. 

(2) Effects of Magnified Distortion: 

(a) Figure 6-47 illustrates the effects 
of magnified distortion. Two series of lateral 
radiographs of a dried skull were made in 
which the FFD varied. Radiographs A- 
D:A,72 inches; B, 40 inches; C, 30 inches; and 
D, 20 inches. As the FFD was decreased, the 
images became larger. Radiographs E-H: 
FFD for E-H are the same as in A-D, but OFD 
was increased to 4 inches. Note the tremen- 
dous increase in enlargement as the FFD 
was decreased. The least enlargement is 
shown in each group at an FFD of 72 inches. 

(b) Occasionally, an opaque object in 
the tissues may have a diameter less than 
that of the tube FS. If sufficient magnifica- 
tion is achieved by a reasonable OFD and a 
short FFD, the object may be visualized as a 
diffuse gray area. This condition is diagram- 
matically represented in figure 6-48, in which 
a small object (OB) at an extended OFD is 
shown projected by a larger FS (B, figure 6- 
48). If details composed the object, all image 
details would be blurred and indistinguish- 
able, having only the gross shape of the ob- 
ject. If SR undercut the object, the blurred 
details would be superimposed by fog; any 
suggestion of image might then be entirely 
eliminated. In A, the object is shown project- 
ed by an FS smaller than the diameter of the 
object. The image would then contain details 
with small blurred margins. 

ec. True Distortion: 

(1) General. Because the body is an ir- 
regularly shaped object, all body parts can- 
not be over the center of the film; nor can all 
tissue planes be parallel with the film. Some 
distortion of shape will always be present 
because some portions will be projected 
cbhauecly and their details distorted more 
than those in the center of the film. True dis- 
tertion im a radiographic Image is a varia- 
tion from the true size and shape of a body 
part. it is most important that the size and 
shape of the Imuze of various anatomical 


( 
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Figure 6-47. Lateral Radiographs of a Dried Skull Demonstrating the Influence of FFD and 
OFD on Magnification of the Image. 


A 





Figure 6-48. Effects of Magnification When the FS is Greater Than the Object. 


structures be comparable to the original. 
There are occasions in which body parts are 
deliberately distorted to obtain more diag- 
nostic information, as in PA radiography of 
the sinuses. In the main, however, the CR 
should be perpendicular to the plane of the 
film and the major planes of the object. 


(2) Illustration of True Distortion. Fig- 
ure 6-49, a series of radiographs of aper- 
tures made in a lead plate, illustrates the 
effects of true distortion. From left to right, 
the holes were numbered 1, 2, and 3. In dia- 
grams A, C, and E, the FFD was 60 inches 
and in diagrams B, D, and F the FFD was 25 
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inches. An OFD of 2 inches was used. In all 
diagrams, the CR passed through the center 
of hole No. 1, and divergent portions of the 
X-ray beam passed through holes No. 2 and 
No. 3. Diagrams of the various positions 
assumed by the aperture plate with respect 
to the FS and film are shown. Below the dia- 
grams are the radiographic images which 
were obtained under each set of conditions. 

(a) Diagram A. All radiographic i1m- 
ages exhibit magnified distortion because 
the 60 inch FFD permits projection of ap- 
proximately parallel X-rays. 

(b) Diagram B. Since the FFD was 
shortened to 25 inches, magnified distortion 
of the images resulted, although it is greater 
than that shown in diagram A. Some oblique 
radiation partially altered the shape of the 
No. 3 image. 

(c) Diagram C. The aperture plate was 
tipped so that the right-hand edge rested on 
the film. The center of hole No. 1 was sup- 
ported 2 inches from the film; the FFD was 60 
inches. Besides magnification of all images, 
the horizontal image axis is foreshortened 
and true distortion of the original shape 
occurs. 

(d) Diagram D. When the FFD is re- 
duced to 25 inches, greater magnification 
and distortion are shown. Image No. 1 in 
diagrams C and D shows less distortion, be- 
cause it is produced by the central portion of 
the beam containing the CR. 

(e) Diagram E. The aperture plate was 
inclined in a reverse direction to that shown 
in diagram D, and at a greater angle to the 
film plane. The center of hole No. 1 is sup- 
ported 2 inches above the film. An FFD of 60 
inches was used. Magnification of the images 
in their vertical axes 1s shown in Nos. 1 to 3 
but foreshortening of the horizontal image 
axes occurs, thereby producing true distor- 
tion. 

(f) Diagram F. The FFD was reduced 
to 25 inches in this diagram, and the size and 
shape of image No. 1 is about the same as 
that shown in diagram E. However, because 
. of the great angle at which holes No. 2 and 
No. 3 are inclined, considerable true distor- 
tion and magnification occur in image No. 2; 
No. 3 image assumes a more spherical form 
although greatly magnified. 


SECTION JI—X-RAY INTENSIFYING 
SCREENS 
6-31. Introduction. X-ray intensifving 


screens are radiographically indispensalle. 
Reus they introduce some measure of 
derail unsharpness in the ims.co, ther vie 
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in radically shortening exposures and reduc- 
ing motion unsharpness is of prime impor- 
tance. Less than 1 percent of the X-rays ex- 
posing an X-ray filmis absorbed by the emul- 
sion, governing the formation of the latent 
image. A means for fully utilizing this small 
percentage of energy, without complicating 
the technical procedure, may be accom- 
plished by the use of X-ray intensifying 
screens that serve to increase the effect of 
the X-radiation on the sensitized emulsion by 
means of fluorescence, thereby reducing the 
exposure. Certain chemicals have the ability 
to absorb X-rays and fluoresce or emit light. 
These chemicals are used in constructing 
intensifying screens. 


6-32. Film Exposure Holders: 

a. Direct Exposure Film Holders. Holders 
for X-ray film must have two characteris- 
tics: (1) protect the film from the light when 
taken to the X-ray exposure room, and (2) 
allow the film to be exposed to the X-ray 
beam to make the radiograph. The direct 
exposure film holder (usually referred to as 
cardboard or cardboard cassette) meets both 
of these requirements. These holders are 
made to fit the various film sizes. The card- 
board holder has a light-proof envelope. The 
film must be placed in this envelope in the 
darkroom in the manner described in chapter 
7. The front of the holder must face the X- 
ray tube, since there is a lead foil lining in 
the back of the holder to prevent fogging of 
the film by SR from the radiographic table 
(figure 6-50). Some direct exposure film hold- 
ers are made of cardboard, and some are 
made of plastic. Those made of plastic are 
more durable and can be cleaned more easily 
than the cardboards. 

b. Cassette. A “cassette” is a film holder 
about 1/2-inch thick with a metal frame (e1- 
ther aluminum or stainless steel), a front of 
bakelite, and a hinged lid with flat springs. It 
is used with two intensifying screens, one 
on either side of the film (figure 6-51). One 
screen is mounted on the inside of the lid, and 
the other on the inside of the bakelite front 
of the cassette. The lead foil backing in a 
cassette helps prevent fogging of the film by 
SR from below the cassette. The thickness of 
the lead is usually 0.025 inches unless the 
cassette is manufactured specifically for 
phototiming; then it is about 0.0025 inch. 
The cassette must also be loaded in the dark- 
room. 


6-33. Intensifying Screens: 
a. Intensifving screens are made by incor- 
ae Ane tiuorescent crystals in a bind- 
/ wz Aunstanee which is spread on one side of 
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Figure 6-49. Apertures in a Lead Plate, Illustrating Effects of Distortion. 
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Figure 6-50. Cardboard. A—Front; B; 
D—Envelope; C—Film; E—Lead Foil; F—Back. 
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Figure 6-51. Cassette. A-Front; B; D-Screens; 
C-Film; E-Felt Cushion; F-Lead Foil; G-Metal 
Back; H-Metal Frame. 


a piece of special cardboard. Calcium tungs- 
tate and barium lead sulfate are two such 
materials which emit light (fluoresce) when 
struck by X-rays. Either of these materials 
may compose the “active layer” of the inten- 
sifying screen. 

b. Each of the numberless fine crystals on 
the intensifying screen emits light in every 
direction. When uniformly radiated, the in- 
tensifying screen appears to be uniformly 
bright. The film emulsion is sensitive to the 
blue light emitted by the fluorescent crys- 
tals. More than 90 percent of the density 
recorded on an X-ray film when intensifying 
screens are used is caused by the light emit- 
ted by the screens; the X-rays which strike 
the film directly cause less than 10 percent of 
the recorded density. Because intensifying 
screens increase the effect of the X-rays on 
the film, less X-ray exposure is required to 
attain the desired density. Intensifying 
screens have made possible the use of grid 
diaphragms, without which good quality 
radiographs of large anatomic areas could 
not be obtained. 

ce. The action upon the film of the intensi- 
fying screens of the cassette is effected in 
the following way. The X-rays pass through 
the translucent bakelite front of the cas- 
sette and strike the first intensifyinjyr screen. 
As the rays strike it, this svreen endts tant 
which affects the emulsion on tne sido of the 
film facing it. The heravs penetrate tu tre 
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of the X-rays also penetrate through the 
film, strike the back intensifying screen, and 
expose the emulsion on the side of the film 
facing it. It is for this reason that an X-ray 
film has coat of sensitive emulsion on both 
sides. Each side receives light from the inten- 
sifying screen which it faces. For maximum 
effectiveness intensifying screens should not 
continue to emit after the exposure has been 
terminated. This condition known as_phos- 
phorescence or screen lag is undesirable. 

d. An intensifying screen is considered to 
be “high speed” or “fast” when a short x-ray 
exposure is needed to produce the required 
darkening of the film (density of the radi- 
ographic image) and “slow” if a long X-ray 
exposure is necessary. 

(1) Intensifying (Speed) Factor. The 
speed factor of the two intensifying screens 
may be defined as the ratio of the exposure 
required without the use of screens to the 
exposure required with the use of the 
screens. Expressed as a ratio, 

intensifying (speed) factor = 

exposure without intensifying screens 
exposure with intensifying screens 
Since the numerator is always greater than 
the denominator, the intensifying factor of 
the two screens is always greater than unity 
(one). Exposure with intensifying screens 
will be for a shorter time to produce the de- 
sired density in the radiographic image than 
without them. 

(2) Crystal Size. The size of fluorescent 
crystals or grains used to coat an intensify- 
ing screen affect the speed of the screen and 
the sharpness of definition in the radi- 
ographic image. The larger the crystal size, 
the faster the speed of the screen. The light 
emitted grows broader as the size of the 
crystals increases. Therefore, a screen coat- 
ed with the larger-sized crystals is a faster 
screen, but the detail and sharpness of defi- 
nition of the radiograph are decreased. The 
smaller the size of the crystals, the slower 
the screen, but sharpness of detail is in- 
creased. There will be some decrease in the 
sharpness of the radiographic image no mat- 
ter how small the crystals of an intensifying 
screen may be. This is true because the light 
emitted by acrystal is scattered by the adja- 
cent crystals. 

(3) Types of Screens. Intensifying 
screens commonly used are the slow speed 
thigh detail), medium or par speed (medium 
detail), and fast or high speed (low detail). 
ihe afect of tho erystal size on screen speed 
anoiondetan Gictnition) of the radiographic 
lwiagve iS Shown gt: Reure 6-52, 
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(4) Screen Conversion Factors. Manu- 
facturers of intensifying screens usually 
publish particulars for changing the tech- 
nique from one screen to another. Dupont 
recommends the following for their Cronex* 
screens: 


mAs Factor Type of Screen 
25 Medical film 
without screens 
4 detail 
2 fast detail 
1 par speed 
oD hi-plus 


For example, if 100 mAs were used with par 
speed screens and it was necessary to change 
to hi-plus screens, the new mAs would be 50 
(100 X .5 = 50). 













ima 


An 


FILM eer A 
Figure 6-52. Effect of Large (A) and Small 
(C) Crystals on Speed and Detail. (D) Direct 
Exposure Is Slowest but Has Best Detail. 


e. Perfect contact between the X-ray film 
and the two screens is required. The double- 
coated X-ray film must be evenly placed be- 
tween the active faces of the two screens and 
must be in full contact with both. Any space 
between the film and the screen allows the 
rays emitted from the screen at that point to 
spread and produce blurring of the image at 
that location on the film (figure 6-53). Even- 
ness of contact between the film and the two 
screens can be tested in the following way. A 
radiograph of a piece of wire screen is made. 
The screen is placed over the front of the 
cassette, and a film exposure is made using 


*Registered trade mark of E. I. Dupont DeNemours & 
Co. (Inc) 
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50 kVp, 1.5 mAs, and 40 inch FFD. The image 
of the wire mesh will appear in sharp detail 
over the entire surface of the film if the con- 
tact is good. Wherever there is an area of 
poor contact, the image will be blurred. 
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Figure 6-53. Screen Contact and Detail. 
A and C—Good Contact and Detail. B—Poor 
Contact and Detail. 


6-34. Proper Care of Screens: 

a. General. Because the _ intensifying 
screens influence the quality of the radi- 
ograph, it 1s very important that they be 
kept in good condition. Except when it is 
being loaded or unloaded, the cassette should 
be kept closed so as to keep the screen sur- 
faces free of dust and protected from 
scratches. 

b. Mounting. Only rubber cement or spe- 
cial adhesive tape should be used to mount 
intensifying screens. Do not use water-solu- 
ble paste. In older-type screens, one of the 
pair is thicker than the other; the thicker 
one is mounted on the lid of the cassette, and 
the thinner one in the front of the cassette. 

ce. Cleaning. Any foreign matter on a 
screen will absorb light during the exposure 
and cause white shadows to appear on the 
radiograph. For washable screens use cotton 
and a mild soap, rinse with wet cotton, and 
dry with dry cotton. Since the cardboard 
backing will absorb water and become 
warped do not use any more water than is 
absolutely necessary. Stand the cassette on 
its side, leaving it half open to dry in a room 
free from dust. There is one type of screen 
which may be cleaned with pure grain alco- 
hol swabbed on with cotton (see the manu- 
facturer’s instructions); do not allow the 
alcohol to touch the letters appearing on the 
side of the screen as the printing may run 
and stain the surface of the screen. Whenev- 
er possible commercially produced antistatic 
cleaning solutions should be used. 

d. Handling. Intensifying screens are very 
easily scratched, chipped, or nicked. They 
must be handled very carefully to keep them 
free of marks which will mar the radiograph- 
ic Image. Even the corner of a film brushing 
across the screen can scratch its surface. 
The technologist must be very careful not to 
scratch the screen with his fingernails in 
removing the film from the cassette. 


CRYSTALS 


6-42 


6-35. Fluoroscopic Screen. Use of the fluo- 
roscopic screen 1s based upon the same phys- 
ical principles as the intensifying screen. 
However, the fluoroscopic screen not only 
fluoresces but also phosphoresces. Although 
phosphorescence is undesirable for intensi- 
fying screens, it is a necessary factor for 
fluoroscopic screens. The fluorescent materi- 
al generally used to coat the active surface 
of a fluoroscopic screen is cadmium zinc sul- 
fide. The fluoroscopic screen has a lead glass 
backing to protect the fluoroscopist. 
SECTION J—STANDARDIZATION OF 
EXPOSURE 


6-36. Radiographic Quality: 
a. General: 

(1) Uniform radiographic quality can 
only be achieved through complete control 
and standardization of exposure and proc- 
essing procedures. The apparatus, X-ray 
tube, X-ray film, and processing chemicals 
have been scientifically designed to facili- 
tate standardization. Sound judgment must 
be used when selecting the exposure factors 
and processing the exposed X-ray film. Also, 
a balance should exist in compromise be- 
tween the exposure factors used, the clinical 
situation presented to the X-ray technolo- 
gist, and the objective of the examination— 
the diagnosis. Radiographic quality should 
be evaluated along realistic lines. If the 
quality is not what the radiologist should 
reasonably expect, the practical reasons for 
failure should be investigated. 

(2) Knowledge of the normal appearance 
of anatomic structures in the image and vis- 
ual acuity in noting deviations from the 
normal are the tools which the radiologist 
uses in making his interpretations. Because 
an essential point in the radiographic diag- 
nosis often appears in an inconspicuous por- 
tion of the image, a systematic analysis and 
evaluation of the entire image is necessary. 
This requires the entire image to be diag- 
nostically informative and to have translu- 
cent silver deposits representative of the 
anatomic structures. The radiographic 1m- 
ages must represent the true anatomic situa- 
tion, and their appearance should always be 
fairly consistent. Standardized projections 
of an anatomic part always portray the 
structures in the same manner. 

b. Criteria for Radiographic Quality: 

(1) All image densities should be trans- 
lucent when viewed before a conventicnal X- 
ray illuminator. 

(2) All portions of the image should have 
some silver deposit. Areas devsid of silver 
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deposit and those with excessive silver de- 
posits are diagnostically useless. 

(3) The part examined should be fully 
penetrated. 

(4) The basic mAs factor should be se- 
lected so as to provide the best overall radi- 
ographic density for the patient whose mea- 
surement is within the average thickness 
range. 

(5) Contrast should be such that differ- 
entiation between densities or details can be 
readily made. 

(6) Image details should not be obscured 
by SR or chemical fog. 

(7) Maximum sharpness and true shape 
of the image should be consistent with the 
clinical needs of the examination. 

c. Contrast Extremes. To satisfy diagnos- 
tic requirements, there should be a good bal- 
ance of densities. The extremes of the con- 
trast scale in a radiogram—opacity and 
transparency—cannot reveal all the details 
of an image. Images that merely depict size, 
shape, or outline of the object are not satis- 
factory; there must be a multitude of gray 
tones to differentiate detail. There is, howev- 
er, a limit to the number of tones necessary 
because differentiation between densities is 
difficult when the contrast scale is unduly 
lengthened. Through recognition of the val- 
ue of long-scale contrast for a given projec- 
tion, errors in the application of exposure 
factors can be corrected. 

d. Contrast and Sharpness: 

(1) General. Image contrast and sharp- 
ness are the basic factors in detail visibility. 
It is desirable to record with sufficient con- 
trast slight variations in radiographic den- 
sity of all details within the part examined 
and to show small differences over a wide 
range of tissue thicknesses in the same expo- 
sure. If all radiographic densities are trans- 
lucent, there is, then, image representation 
of all tissue details because all elements 
within the part have been penetrated. The 
scale of contrast should not be shortened 
beyond the point where essential detail, 
when viewed before an X-ray illuminator, 
begins to be lost to the eye in the higher and 
lower densities of the radiograph; it is pref- 
erable to stop short of this limit so as to 
have sufficient latitude to allow for unavoid- 
able density deviations that may occur be- 
cause of unusual or unpredictable tissue 
absorption. As a rule, improvements in de- 
tail visibility of some body parts can be ef- 
fected by increasing the contrast within lim- 
its. However, certain restrictions as to over- 
ali detail visibility are imposed. On occasion, 
small areas of image detail are rendered 
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brightly visible because the exposure fac- 
tors may be optimum for the region. Howev- 
er, adjacent areas may be devoid of sufficient 
silver to produce a satisfactory overall im- 
age because the radiation did not penetrate 
all the tissues. Except for special cases, it is 
best to be satisfied with a lower image con- 
trast and assured penetration that will re- 
veal details in the overall image. The greater 
number of densities provided by long-scale 
contrast makes possible the visualization of 
a larger number of tissue components. 

(2) Value of Total Impression. The eval- 
uation of an X-ray image is dependent upon 
the distinctness of all the recognizable detail 
and not on contrast or sharpness alone. In 
the examination of unsatisfactory radi- 
ographs, these two qualities must be careful- 
ly evaluated. Generally, it is easier to cor- 
rect unsatisfactory image sharpness by 
greater contrast, rather than the opposite. 
Figure 6-54 depicts a wide difference in con- 
trast of two screen radiographs of the pel- 
vis. Owing to the shorter exposure time for 
A, it is sharper than B and possesses a wide 
range of densities; however, the high con- 
trast of B may create the impression of 
greater sharpness because of the exaggerat- 
ed density values. 


6-37. Formulation of a Standardized Expo- 
sure System: 

a. Standardization Phases. The bulk of 
modern radiography is “production-line”’ 
effort. A standardized system for selecting 
and applying exposure factors must produce 
consistently good radiographic quality. In 
formulating a standardized exposure sys- 
tem, the ideal should establish all factors as 
constants with the exception of one as a var- 
iable. With kVp as the factor of penetration 
and radiographic contrast, mAs as the fac- 
tor of radiographic density, and FFD and 
OFD as geometric factors influencing image 
sharpness, shape, and size, standardization 
of radiography revolves itself into four 
phases. 

(1) Standardization of Processing Pro- 
cedure—the reduction of time and tempera- 
ture values to constants so that changes in 
radiographic density can be more properly 
attributed to exposure. Standardization of 
processing should normally be accomplished 
first. 

(2) Standardization of Exposure Fac- 
tors— the reduction of all exposure factors 
in a given projection to constants with the 
exception of one variable (mAs). 

(3) Standardization of Exposure Tech- 
niques—the division of exposure techniques 
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Figure 6-54. Differences in Contrast. A—92 
kVp, 15 mAs; B—44 kVp, 400 mAs. 


into three major classes: direct, screen, and 
screen-grid. 

(4) Standardization of Projections— the 
establishment of a routine method for posi- 
tioning the patient and projecting the CR for 
a given projection. 

b. Optimum Kilovoltage Technique. The 
optimum kVp technique is based upon stand- 
ardization of the processing procedure and 
the reduction of exposure factors to con- 
stants with the exception of one variable. In 
working out an optimum kVp technique, 
each projection must be considered individu- 
ally. 

(1) General Principles: 

(a) By trial, a fixed or optimum kVp is 
established for an average tissue thickness 
range and for a given projection. For a given 
thickness of a particular body part, the X- 
ray wavelength used to penetrate the tissues 
must be adequate. The amount and kind of 
tissue— the relation of bone to soft tissue— 
and its penetrability by X-radiation must be 
evaluated. Measurement of the part must be 
made along the course traversed through the 
tissues by the CR, and the average range of 
measurements verified by checking many 
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individuals. The kVp that thoroughly pene- 
trates the part, irrespective of size, and pro- 
duces satisfactory contrast is established as 
a constant. (Using kVp as a constant to es- 
tablish contrast places the burden of provid- 
ing sufficient silver in the image upon the 
mAs.) It should not be changed unless the 
conditions under which it was established 
are changed (table 6-8). Average thickness 
ranges are guides for establishing basic mAs 
values for various projections since approxi- 
mately 80 percent of all patients fall within 
these ranges. Average Sena ranges and 
reliable optimum k have been estab- 
lished for a number of Brsiections (table 6-8). 
Using the principles advocated, kVp’s for 
other projections may be easily made. 

(b) With the kVp fixed, a basic mAs or 
density value must be established for the 
average thickness range of the part. In de- 
riving mAs values for thicknesses outside 
the average range or for variations in the 
physiologic or pathologic state for the tis- 
sues, the rule of thumb for density changes 
is used. 

(c) The FFD need seldom be changed 
and in most instances may be considered a 
constant. All other factors, melee proc- 
essing, are constants. 

(2) Advantages: 

(a) Less mAs permits more radi- 
ographs in a given projection before the ra- 
diation safety limit is reached. When the 
wavelength is optimum, a lower mAs value is 
usually more adequate for the exposure than 
ve used for the same purpose with lower 

p 

(b) The overall radiographic density 
is uniform from case to case. Any differences 
from the normal density may be attributed 
to abnormal tissue changes. 

(c) Duplication of results is easy to 
attain in follow-up cases. 

(d) The technique may be used with 
any type of apparatus. Whatever the type of 
generator, the only variable to adjust is the 
mAs. 

(3) Rules for Application. When all oth- 
er exposure factors remain constant, the 
factors listed below function as described. 
successful operation of the optimum kVp 
technique is dependent upon rigid accept- 
ance and application of these data. 

(a) Focus-film distance influences ra- 
diographic density, and image sharpness and 
magnification. 

(b) Kilovoltage regulates radiation 
wavelength and the seale of radiographic 
contrast; determines the degree of tyssue 


AFM 160-30/TM 8-280/NAVMED 


P-5119 1 August 1974 


penetration, and exposure latitude; and in- 
fluences production of SR fog, and radi- 
ographic density. 

(c) Milliampere-seconds regulates the 
quantity of X-radiation emitted by the X-ray 
tube, and radiogtaphic density. 

ec. Selection of Factors. The selection of 
factors that influence the image should be 
based upon consideration of all aspects that 
might have an eventual effect on radi- 
ographic quality. 

(1) Focal Spot. The FS should always be 
selected so that the maximum image sharp- 
ness is obtained assuming that the exposure 
factors to be used conform to the rated ca- 
pacity of the X-ray tube. 

(2) Collimation. Collimation in some 
form should be used for all projections. The 
size of the field should be such as to exactly 
cover the size of film used at a given FFD. 
There are occasions when the field size 
should conform to the size of the anatomical 
area being examined. For example, a beam 
restricting device covers an 8 X 10 inch film, 
but is inadequate for delineating a very 
small area, such as the mastoid process; a 
smaller device (cylinder) is needed. 

(3) Grids. Stationary or moving grids 
are used in examining the heavier tissue 
parts. The technologist should be familiar 
with grid ratios as well as the FFD used with 
the various grids. The higher the grid ratio, 
the greater the care in selecting the FFD and 
in centering the tube to the grid and part to 
avoid “grid cutoff”. For best results, conven- 
tional moving grids of 8:1 or 12:1 ratio 
should be used with optimum kVp. The sta- 
tionary grid of the Lysholm type is a very 
useful accessory when a moving grid is 1m- 
practical. 

(4) Focus-Film Distance. The FFD 
should be chosen to produce the most realis- 
tic geometric image pattern with satisfacto- 
ry sharpness of defifiition. Once the FFD is 
selected for a specific projection, it should be 
established as a constant. If the distance 
must be changed for a given projection, the 
mAs can be adjusted so that the resulting 
radiographic density is approximately equal 
to the density obtained with the original 
FFD by applying the mAs-FFD relationship. 

(5) Kilovoltage. The variety of effects 
that may be produced on the radiographic 
image by kVp makes it an important and 
influential exposure factor. Consequently, it 
should be closely controlled and established 
as a constant for a given projection. When a 
kV p provides an acceptable contrast scale in 
a given projection of a normal part, that 
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Table 6-8. Average Thickness Ranges and Approximate Optimum Kilovoltages for Making 
Non-Grid (PB) Exposures. 






Average thickness—CM 








Region 
Lat KVP 
Thumb, fingers, toes 1.5-4 
Hand 7-10 50 
Wrist 5-8 
Forearm 7 6-9 a 
Elbow 7-10 60 
Arm 7-11 
Shoulder (PB) 
80 
Clavicle (PB) 
Foot = 6-9 
Se 60 
Ankle 8-11 6-9 6-9 
Leg 9-12 8-11 
i ee 65 
Knee 10-18 9-12 
Thigh (PB) 14-17 13-16 
Hip (PB) 16-20 = 
Cervical (PB) C1-3 13-17 
Vertebrae (PB) C4-7 10-13 7 
(PB) C1-7 10-18 85 
Thoracic (PB) 20-23 29-34 85 
Vertebrae 
Lumbar (PB) 17-21 70 
Vertebrae 26-30 85 
Pelvis (PB) 17-21 70 
Skull (PB) 17-21 18-17 ee 
Sinus (PB) frontal 18-21 | 
(PB) lateral 11-15 = 
(PB) maxillary 19-23 
Mandible 21-24 70 
21-24 80 
Chest 25-28 85 


29-34 90 
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kVp should be fixed. Thereafter, all images 
produced by a given projection will present 
the same scale of contrast. 


(6) Basic mAs. The mAs factor is the one 
most reliable for regulating the amount of 
silver (density) in the image. There should be 
a satisfactory range of densities for inter- 
pretations of all portions of the image. The 
mAs can become a constant within certain 
limitations for a given projection. A basic 
mAs value can be established for any aver- 
age thickness range of a part for a normal 
person. 


(a) Thickness Only a Guide. The thick- 
ness of any part serves only as a guide which 
the specialist can use to expose the normal 
part and to determine what mAs will compen- 
sate for abnormal tissue changes. Knowl- 
edge of the structural makeup of the area is 
necessary when the kVp has been fixed as a 
constant for the projection. The part should 
also be judged from a physiologic and path- 
ologic standpoint as to whether it is reason- 
ably normal. If a question arises as to 
whether the patient is “average” or “in- 
range’, a measurement of the part should be 
made. The following shows compensations 
required of the “above-” or “below-range”’ 


part. 
Below range In range Above range 
3-5em 1-2cm_ Basicsec 1-2cm 3-5cm 


1/2X see 2/3X sec 3/2X see 2X sec 


Since the mA will remain constant, a change 
in sec will give a corresponding change in 
mAs. By means of these modifications, the 
radiographic density obtained will be ap- 
proximately correct—a “repeat” is seldom 
required. . 


(b) Establishing a Basic mAs. First, 
select the correct quality of radiation for a 
given projection. Then, determine the quan- 
tity of radiation by making three initial ra- 
diographs of a part, the thickness of which is 
approximately at the middle of the average 
thickness range. In determining exposure 
factors for a given projection, make the first 
radiograph with the optimum kVp for the 
part (table 6-8), and with a mAs value esti- 
mated to be correct. For the second radi- 
ogram, double the mAs value (2X). Make the 
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third radiograph with one-half the original 
mAs value (1/2X). All other factors are con- 
stant. The three radiographs are viewed on 
the illuminator, and the density appropriate 
for the part is chosen. When using the above 
method, sometimes none of the densities are 
exactly correct; however, one of the radi- 
ographs perhaps contains a density close to 
the one desired, so that another radiograph 
made with an appropriate change in the mAs 
will provide the required radiographic densi- 
ty and a more nearly correct basic mAs val- 
ue. The final mAs value is then used on sever- 
al patients whose measurements fall within 
the average thickness range. If the density 
level is satisfactory for measurements at the 
center and at the extremes of the range, the 
mAs should be established as basic and used 
for all patients measuring in the average 
range. Once the correct mAs is determined, it 
becomes the basic value to be used for all 
thicknesses in the average thickness range 
established for the given projection. Depar- 
tures from the basic mAs value should be 
made only when the influence of disease or 
trauma alters the absorption characteris- 
tics of the part or when the speed character- 
istics of the X-ray film or screens change. 
The method explained herein for changing 
density can be used for all projections as 
long as it is accomplished in a systematic 
manner. Only one exposure factor should be 
changed at a time when any exposure tech- 
nique is to be altered. Changing two factors 
at a time introduces too many variables that 
are difficult to control. 


(c) Example 1. In PA screen radiogra- 
phy of the adult chest, the average thickness 
range is 21 to 24 centimeters (approximately 
70 percent of patients). A basic mAs may be 
used when an optimum kVp of 80 is used at a 
FFD of 72 inches and with average-speed 
screens. In this projection the basic mAs (X) 
should be established for a normal healthy 
adult measuring 22 to 23 centimeters (the 
middle thickness in the range). Projections 
that have little variation from the average 
thickness range, such as a PA of the chest, 
require refinement in application of the mAs 
values to those thicknesses slightly in excess 
of or less than the average. A typical exam- 
ple of a standardized PA chest technique is 
shown in figure 6-55. The physical character- 
istics of the patients whose radiographs are 
shown in figure 6-55 are as follows: 
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Radio- 
graph 


Thickness 
(cm) Sex 
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28 
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Radiation that completely penetrates the 
part and produces a consistently uniform 
density and contrast is most important in 
applying a standardized technique as illus- 
trated in figure 6-55. The characteristics of 
height, weight, or sex cannot per se be used 
to determine the X-ray absorbing properties 
of the tissues being exposed. 

1. Thickness Greater Than Aver- 
age. When a chest measurement is slightly 
greater than average, the only change need- 
ed is in the mAs factor. The increased thick- 
ness of the 25 and 26 cm chest requires more 
radiation of the quality as produced with 80 
kVp on chests within the average range. The 
kVp is held constant since it has been prede- 
termined that 80 kVp provides the necessary 
quality of radiation to penetrate any size 
adult chest within a reasonable range in the 
PA direction. When a basic mAs (X) is given 
to a 25 or 26 cm chest, the radiographic den- 
sity may be too low. When the mAs is raised 
to 2X, the density may be too great, largely 
containing SR fog. Consequently, a value 
should be used which is one-half the differ- 
ence between 2X and X, or 1 1/2X the basic 
mAs. The density produced will then be com- 
parable to that provided by X mAs on a 23 
em chest. The original contrast is main- 
tained because the presence of SR fog is not 
a problem. Chests with a thickness of 27, 28, 
29, and 30 cm can be exposed with 2X mAs 
because the increase in thickness requires 
only an increase in mAs and not necessarily 
in kVp. Chests exceeding 30 cm in thickness 
require an increase not only in mAs but also 
in kVp to provide adequate penetration. The 
higher kVp causes an increase in SR fog 
which should be eliminated by the use of a 
stationary parallel-grid. The kVp, therefore, 
should be raised to 100 to increase penetra- 
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Age Height Weight 
(yrs) (in) (Ibs) 

20 65 105 
24 63 110 
29 60 101 
22 63 107 
61 67 135 
21 58 132 
24 60 123 
60 68 165 
34 63 130 
60 67 173 
55 67 199 
36 70 206 
60 69 193 


tion and to compensate for the grid. Conse- 
quently, a new group of conditions must be 
set up and a new basic mAs established to 
assure proper density. The same FFD and 
screens should be used. 

2. Smaller Thicknesses. If the basic 
mAs is used for a 17 or 18 cm chest, the den- 
sity will be excessive. A satisfactory result 
can be obtained, however, by exposing with 
1/2X mAs. To balance the densities for the 
19- and 20 em chests, 2/3X mAs may be used 
and for 13 to 16 cm, 1/3X mAs. For infants 
(less than 13 cm, 1/4X mAs may be used, but 
the kVp should be reduced from 80 to 70 to 
provide increase in contrast. 

(d) Example 2. In PA radiography of 
the hand, over 95 percent of adult hands are ' 
in the average thickness range of 2 to 4 cm 
and the basic mAs value at 50 kVp can be 
used. When the thickness departs from the 
average, the mAs may be altered by using 
the rule of thumb for density. 

d. Overexposure: 
(1) General: 

(a) Modern X-ray film, in combination 
with intensifying screcns., is exceedingly fast 
and requires only relatively zhort exposures 
to produce radiographs of gooa quality. An 
overexposed film lacks proper radiographic 
density and contrast. To the trained eye, the 
overexposed radiograph is easily identifia- 
ble. 

(b) One type of overexposure exhibits 
an overall grayness with low contrast. This 
appearance is caused by shortened develop- 
ment of the film, a procedure often followed 
In an attempt to correct the error made in 
the exposure time or to compensate for ex- 
cessive kVp. Another type of overexposure 
produces such a great density of the thinner 
portions of the part radiographed that they 
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Figure 6-55. Typical Example of Standardized PA Chest Technique. 


Variable Factors 


Thickness 
Constant Factors Ranges A* Time B* Time 
MED 5 oe secicie tena 80 CONG. Ost ars Sok To cover area -17 cm 1/40 sec 1/60 sec 
WAG ot ptote see's 100 Pat saa tetcaaiei: Screen-type 18-19 cm 1/30 sec 1/40 sec 
PPR oi cate X ea:t Tz 20-25 cm 1/20 sec 1/30 sec 
SCRCCHIS 5 s:sos-a.sa% Average Developer... ......4% Rapid 26-27 cm 1/15 sec 1/20 sec 
speed 
Filtration .0i:<.<-4: Alum., 1 mm Development....... 5 min at 68° F 28- cm 1/10 sec 1/15 sec 


* To compensate differences in efficiency of X-ray output 
in various X-ray generators, it is necessary to establish by 
trial the time category (A or B) that will produce the desired 
radiographic density. In making the test radiographs, a 
subject with a 22-23 cm chest should be radiographed, em- 
ploying an exposure of 1/20 sec (column A). If the density 


is too great, then 1/30 sec (column B) may be used. The 
density of this second radiograph will usually be satisfactory; 
on this basis, the time values for the other thickness groups 
will be found in column B. The chest radiographs repro- 
duced on this spread were made with the time values listed 
under column A, 
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are obliterated. In this case full development 
is given, and it usually occurs where time- 
temperature processing 1s used. 

(c) If the kVp is correct, overexposure 
due to the mAs factor may usually be cor- 
rected by making another radiograph with 
one-half the original mAs (1/2X). Frequently, 
the density of this second radiograph is sat- 
isfactory or is so near in quality that if a 
third radiograph is made, only a minor ad- 
justment of the mAs is needed to secure the 
most desirable quality. 

(2) Example. To illustrate the procedure 
in altering density by the rule of thumb 
method when determining a basic mAs value 
or correcting a faulty one, a series of AP 
screen-grid radiographs of the lumbar verte- 
brae (figure 6-56) was made with 70 kVp and 
a 36 inch FFD. The first radiograph (A) was 
made with a trial exposure of 200 mAs. The 
density was excessive. Applying the rule of 
thumb for density, the second radiograph (B) 
was made with 100 mAs. The density was 
reduced, but it was still somewhat excessive. 





Figure 6-56. AP Screen-Grid Radiographs 


of the Lumbar Spine. 


The mAs was halved again for the third radi- 
ograph (C), but the density became insuffi- 
cient. A fourth radiograph (D) was made us- 
ing 75 mAs, a value midway between 100 and 
50 mAs, which yielded a satisfactory image 
density. Once the basic value is established 
the need for correcting overexposure or un- 
derexposure is seldom required when an opti- 
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mum kVp is used. The experienced X-ray 
technologist soon recognizes the degree of 
overexposure and can make short cuts; for 
instance, the second radiograph (B) can be 
eliminated by quartering the original mAs 
and securing a working density that can be 
easily adjusted, if necessary. 


e. Underexposure: 

(1) General. A radiograph is underex- 
posed when important details are lacking 
because of inadequate radiographic density. 
Details of thin structure may be visible, but 
those representing the heavier parts are 
absent. When the kVp is of a value to secure 
proper penetration of the part yet the mAs is 
insufficient to secure proper density, the ra- 
diograph will reveal very faint detail in im- 
age areas corresponding to the greater tis- 
sue densities—the kVp is satisfactory for 
the part, but detail may be better visualized 
if more silver were deposited on the film. 
Usually the density will be satisfactory 
when the mAs is doubled; however, a further 


_— 
Figure 6-57. PA Screen-Exposure Radi- 
ographs of the Chest. 





small adjustment may be necessary to pro- 
vide a satisfactory i image. 

(2) Example. A series of PA screen-ex- 
posure radiographs of the chest (figure 6-57) 
was made using 80 kVp and 72 inch FFD. The 
first radiograph (A) was made with 3.3 mAs 
and resulted in an underexposure. The sec- 
ond radiograph (B) was made with 6.6 mAs 
and the resulting density was excessive. The 
third radiograph (C) was made with 5 mAs, 
approximately midway between the previous 
mAs values, and a correct exposure was ob- 
tained. 


f. Phototiming. The use of optimum kVp in 
radiographic phototiming eliminates many 
problems in the choice of appropriate fac- 
tors. Since the FFD is constant for given 
projections, the burden of regulating the 
mAs is on the phototimer. When calibrated 
and operated properly, it will provide the 
desired radiographic density on the film. 
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Chapter 7 
X-RAY FILM PROCESSING 


SECTION A—GENERAL ARRANGEMENT 
OF THE DARKROOM 


7-1. Introduction. A plan for an ideal ar- 
rangement can serve as a guide in adapting 
evailable facilities to the needs of the X-ray 
department. The information in this chapter 
is confined largely to facilities in permanent 
or semipermanent installations. Such recom- 
mendations as are feasible may be adapted 
in the field; however, processing rooms will 
usually be maintained in tents, and it is a 
matter of the ingenuity and perseverance of 
the personnel to improvise or use existing 
facilities to provide the best working condi- 
tions for the correct processing of the ex- 
posed X-ray film. The flow of X-ray films 
from the X-ray exposure room, through the 
processing facilities, to the interpretation 
room, should be a simple yet smooth opera- 
tion requiring the fewest steps and motions. 
The routine may be expedited by locating the 
processing room within the X-ray depart- 
ment and efficiently arranging the equip- 
ment. Processing equipment is usually allo- 
cated to an X-ray laboratory in accordance 
with the equipment list provided the hospital 
installation. 


7-2. Location of Processing Room. The proc- 
essing room should be adjacent to the expo- 
sure room and should have a source of elec- 
tricity for operating its apparatus. Light- 
proofing in field situations can be effected by 
the use of blankets, tarpaulins, canvas, or 
other light-opaque materials. A plan for a 
small processing room (15 X 9 1/2 feet) that 
permits a daily production of about 200 fin- 
ished radiographs is shown in figure 7-1. The 
plan provides facilities for carrying out the 
entire processing procedure in one room, di- 
vided into a “dry side” and “wet side.” (The 
minimum distance between these areas 
should be 4 feet.) In a wider room, the dryer 
(6, figure 7-1) may be located along the wall 
at one end. In a large, approximately square 
room the bench (2, figure 7-1) and processing 
tanks (14, figure 7-1) may be installed along 
adjoining walls. Care must be exercised to 
separate “wet” and “dry” equipment either 
by a partition or by sufficient space. In this 
layout a cassette-transfer cabinet (8, figure 
7-1) is near the film-loading bench (2, figure 
7-1) which is located on the “dry side.” After 
films are loaded on hangers, they need to be 
carried but a step or two and placed in the 


developing tank (14A, figure 7-1). Compart- 
ments (7, figure 7-1) next to the cassette- 
transfer cabinet are useful for storing spare 
cassettes, film holders, and intensifying 
screens. Receptacles for wastepaper can be 
incorporated into the loading bench to save 
floor space. The efficiency of this layout is 
maintained by following the workflow line. 
The loading bench, processing tank unit, and 
dryer should be so arranged that steps can 
be kept at a minimum. In figure 7-1, the dot- 
ted lines indicate the route the technologist 
should normally follow in handling and proc- 
essing films. This same planning arrange- 
ment can also be used for automatic process- 
ing. In this case the automatic processor 
could be installed at the site of 11, figure 7-1. 
The solid line would now indicate work flow. 


7-3. Lightproof Entrances. An entrance that 
is easily accessible while providing complete 
protection from outside white light is essen- 
tial. Entrances are of three general types: 
the single door, the lightlock (double doors), 
and the labyrinth or maze. The one best suit- 
ed is determined largely by the number of 
people using the processing room and the 
floor space. 

a. Single Door. If the radiologist and his 
technologists are the only persons who rou- 
tinely utilize the processing room, a single 
lightproof door with an inside bolt or lock 
will suffice. 

b. Lightlock. This type of entrance may 
consist of a small hall with two doors, one 
opening into the processing room and the 
other to the outside (figure 7-1). Electric or 
mechanical interlocking devices can be in- 
stalled to prevent the accidental opening of 
both doors simultaneously. However, safety 
releases must be incorporated in the inter- 
lock so that both doors can be opened at the 
same time to move supplies into the process- 
ing room or in case of emergency. If inter- 
locks are not provided, warning lights or 
buzzers are useful. A lightproof louver. 
should be installed in either a door or wall of 
the lightlock, to accommodate changes in air 
pressure caused by opening and closing the 
doors, and to provide some ventilation. All of 
these arrangements can be used with either 
hinged or sliding doors. If a lightlock opens 
directly into the exposure room, it must be 
equipped with lead-lined doors, which, how- 
ever, are heavy and tiring to operate. A bet- 
ter arrangement is to have the lightlock 
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ACCESS PANEL — 


Figure 7-1. Darkroom Plan. 1-Lightlock, 2-Bench, 3-Film Bin, 4-Drawer, 5-Wastepaper Bin, 6-Dryer, 7-Storage, 
8-Transfer Cabinet, 9-Hanger Rack, 10-Cabinet, 11-Air Duct or Auto. Proc., 12-Louver, 13-Dryer Exhaust, 
14-Proc. Tank, 15-Sink, 16-Timer, 17-Towel Rack, 18-Viewbox, 19-Draining Rack, 20-Safety Light. 


open into the control booth, whose leadlining 
affords sufficient protection to obviate the 
need for leadlined doors. The walls of the 
lightlock may be any color, inasmuch as the 
safety of the lightlock does not depend upon 
the reflection and absorption of light. 
Illumination should be according to the rec- 
ommendations for the actual darkroom 
which are explained later in this chapter. 
Minimum dimensions for a lightlock are de- 
termined by the size of the doors. The small- 
est door that should be used is 2 1/2 feet wide 
and 7 feet high. It 1s customary to have one 
door of a lightlock swing inward. This deter- 
mines the minimum size of the lightlock, 
which must be large enough to permit the 
person going through to open or close either 
door, from within, while the other is closed. 

e. Labyrinth. The labyrinth, or maze, Is 
not provided with doors. It prevents the en- 
trance of white light to the processing room, 
vet provides air circulation. It requires, 
however, at least twice as much floor space 


asa lizhtlock. The passageway width should 


not be narrower than 2 feet and its depth a 
minimum of 6 feet. The height of the two en- 
trances should be limited to 7 feet (to reduce 
the amount of light entering from the out- 
side). The walls and ceiling should be painted 
with flat nonreflective paint and be illumi- 
nated by safelights. Because of the turns in 
such a labyrinth, it is impossible to move a 
truck of supplies through the passageway. 
Therefore, a straight passage into the proc- 
essing room should be provided by placing a 
lightproof door in the baffle (figure 7-2). 


7-4. Illumination. Illumination of the proc- 
essing room can be broken into four catego- 
ries: white light, safelights, wet film illumi- 
nator, and wall finish. Each of these plays an 
important part in the efficient operation of 
the processing room. 

a. White Light. White light is necessary to - 
perform many activities, such as mixing of 
chemicais, cleaning tanks, caring for inten- 
sifving screens, placing films in the dryer, 
and unloading film hangers. Fixtures for 
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PROCESSING ROOM 


LIGHTTIGHT 
DOOR 


eee 
Figure 7-2. Typical Entrance Maze. 


OUTER ENTRANCE 


white light should be strategically located 
and of sufficient intensity to afford general 
illumination. 

b. Safelight Illumination. X-ray films are 
sensitive to white light and must be handled 
either in darkness or under safelight illumi- 
nation of the proper quality. Also, films ex- 
posed with X-ray intensifying screens are 
approximately 8 times more sensitive to 
safelight illumination than unexposed film. 
Therefore, safelight illumination is designed 
to give enough visibility in the processing 
room for the technologist to accomplish all 
necessary duties in the handling and proc- 
essing of X-ray film without harmful effect 
to any unprocessed film. 

(1) Safelights. A safelight consists of a 
filter used in a lamp housing to provide light 
of such spectral quality and intensity that it 
does not fog film exposed to it for a reasona- 
ble handling period. The general illumina- 
tion should be made indirect by suspending 
from the ceiling one or more safelights of 
appropriate design and size. Because films 
are subjected to safelight illumination at the 
loading bench for a longer period than in any 
other zone, direct-type safelight lamps over 
this area are liable to raise the amount of 
postexposure fog to an undesirable degree. 
For this reason, the loading bench should be 
illuminated by an indirect safelight lamp. If 
the walls and ceiling are painted with a light 
colored paint, the entire room will be well 
lighted with safe illumination. For specific 
sections of the room, there are safelights of 
various designs. The choice and arrange- 
ment of safelights should depend upon the 
amount of illumination desired and the angle 
at which it must fall. 

(a) Wratten 6B Filter. The Wratten 
6B filter is the recommended type in that the 
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light produced is not in the same spectral 
range as the film sensitivity. The light emit- 
ted is in the yellow or yellow-red portion of 
the spectrum. 

(b) Light Source. The light source 
which is recommended and widely used is a 
15W, tungsten bulb. This particular wattage 
is enough to provide adequate illumination 
and not have any adverse effects on the film. 

(2) Safety Standards. No safelight is 
safe if the standards of safety are abused. 
Film left under a safelight lamp too long will 
fog. If film cannot be processed at once, it 
should be stored in a lightproof container. 
When loading films in hangers preparatory 
to group development, it is important that 
they be protected from direct radiation from 
the lamps. Exposed films should be set to one 
side away from the direct beam of a safelight 
lamp or, better still, placed under or behind a 
protective screen. Films should never be 
stacked in processing hangers and left 
standing under a safelight lamp; the hang- 
ers containing the films should be covered 
with black paper, or the safelight lamp near- 
est the films should be turned off. 

(3) Checking Safelight Illumination. A 
simple method of checking the safety of illu- 
mination is to cover part of a film and expose 
sections of the remainder for different 
lengths of time in the place where films will 
be uncovered in handling. This test film is 
then given standard development. If no fog 
shows on the parts that receive a reasonably 
long exposure, as compared with the covered 
part, the lighting may be assumed to be safe. 
If fog appears, the distance of the safelights 
from the film should be increased. All safe- 
light lamps should be tested periodically for 
white light leaks, fading of filter, and excess 
wattage of bulbs. 

ce. Wet-Film Illuminator. A film illumina- 
tor mounted above and to the rear of the 
washing tank and connected to the current 
supply through a foot switch is convenient 
for the inspection of radiographs during the 
course of hardening and washing (18, figure 
7-1). The light can then be easily controlled 
without use of the hands. The illuminator 
should not be switched on when unprotected 
and unprocessed films are on the loading 
bench. Radiographs must not be inspected 
until they have been cleared in the fixer solu- 
tion. 

d. Wall Finish. If the quality of the light 
from a safelight lamp is “safe,” the illumina- 
tion reflected from any surface is also “safe” 
regardless of its color. The finish should re- 
flect the maximum amount of safelight illu- 
mination, and the color should be attractive 
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and pleasant. However, to eliminate glare, 
flat nonreflective paint should be_ used. 
Maximum reflection under safelight illumi- 
nation is achieved if the wall color is within 
this same spectral range or a light enough 
shade of any other color. It is desirable also 
to have a color that is pleasing under white 
light as well as safelight illumination. In 
permanent installations, the ceiling and the 
upper 18 inches of the side walls should be 
painted white to provide maximum reflection 
of white light. For the remainder of the side 
walls, warm tones, such as ivory, cream, and 
buff, or extremely pale shades of any other 
color, are generally more pleasing than 
white, which is apt to be too glaring and 
shows soil quickly. Because of the transient 
nature of field installations, it is necessary 
to treat proper color harmony in the proc- 
essing room as a secondary consideration. 


7-5. Ventilation: 

a. Satisfactory ventilation of an X-ray 
processing room requires consideration, for 
the health and efficiency of the technologist 
must be maintained. The processing room 
harbors certain conditions that directly 
affect the air in it: uncovered solutions in- 
crease the humidity in the room, processing 
solutions create odors, and film-drying cabi- 
nets give off heat. 

b. When not properly controlled, tempera- 
ture and humidity have adverse physiologic 
effects on the worker as well as physical 
effects on film during handling and storage. 
The average zone of comfort lies within a 
humidity range of 40 to 60 percent and a 
temperature range of 67° to 83°F, with air 
movement between 15 and 25 feet per minute 
(ordinarily considered as still air). An air 
velocity above 50 feet per minute is objec- 
tionable at temperatures below 80°F, but is 
tolerable at higher temperature. The air in 
the processing room should be maintained at 
a positive pressure (the air should be 
pumped in rather than out). This will pre- 
vent dust from entering the darkroom. The 
dryer should have a separate duct connected 
to the outside air so that it may be used in 
exhausting air from the room as well as for 
drying radiographs. The incoming air froma 
permanent ventilating system should pass 
through filters to remove dust, and should be 
sufficient in volume to change the air in the 
processing room 6 to 10 times an hour. 

c¢. When ventilating ducts are absent, fans 
may be installed in the wal] with a higntproof 
intake to draw air from an outside source. 
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Doors may be equipped with lightproof lou- 
vers which permit the passage of air. 


7-6. Electric Wiring: 

a. Low potential electric outlets and fix- 
tures can be hazardous to personnel. 
Voltages of 110 or less may prove fatal if 
electric contacts are made on moist skin. 
Special care should be exercised to avoid a 
situation in which the body becomes a part 
of an electric circuit. Hazards include the 
proximity of wiring to the solution tanks and 
plumbing, spilled water on the floor, and 
moisture on the hands. All exposed noncur- 
rent-carrying metal parts of both fixed and 
portable equipment, such as the metal frame 
and exterior of illuminators, safelight 
lamps, electric timers, and foot switches, 
should be grounded unless they are beyond 
normal reach of the technologist. If such 
equipment is connected directly to the wiring 
system by means of an armored cable, a sep- 
arate ground wire is not necessary because 
the metallic sheathing is usually sufficient 
protection. However, if a two-wire cord is 
used, a separate ground connection should 
be installed. For ease in installation, the out- 
let box may be used with the third wire at- 
tached to both the metal part of the equip- 
ment and the box by means of suitable lugs, 
clamps, or other approved devices, but not 
by connections dependent upon solder. If a 
three-wire cable is not feasible, a length of 
No. 16 stranded fixture wire may be taped 
along the outside of the two-wire cord. 

b. All outlets, switches, sockets, and the 
like should have an insulating link in the 
chain or a section of cord. Despite safety 
devices, always follow the “one-hand rule”’ 
(see chapter 4). Foot switches eliminate the 
use of hands in operating electric fixtures. 
However, the precautions which apply to the 
grounding of other fixtures are even more 
imperative when foot switches are installed, 
because the floor is apt to be damp most of 
the time. 

ec. Asafelight installed in the ceiling of the 
entrance lightlock or labyrinth should have 
its switch on the right side of the inner en- 
trance. The white-light circuit switch, how- 
ever, should be placed high on the wall above 
the safelight switch so it cannot be inadvert- 
ently turned on during processing. All safe- 
lights should be wired on the same circuit, 
but they should also have individual switch- 
es to permit independent operation. The film 
dryer should be on a separate circuit of am- 
ple capacity. As an extra precaution, it is 
alvisabie to have all three main circuits for 
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whitelight, safelight, and dryer controlled 
by a single heavy duty disconnecting switch 
in addition to their individual switches. 


7-7. Loading Bench. The loading bench is the 
primary component of the “dry” side of the 
processing room. It contains an area for 
loading and unloading film holders; cassette 
transfer cabinet; film bin; compartments for 
cassettes and exposure holders; storage for 
hangers; wastepaper receptacle; and stor- 
age of processing materials. Generalized 
layouts for a loading bench are shown in 
figures 7-3 and 7-4. In figure 7-3, the racks 
for storing dry film hangers are above the 
loading bench and storage compartments 
beneath the bench; figure 7-4 shows the re- 
verse arrangement. 

a. Loading Area. The length of the loading 
bench depends on the volume of work and the 
space available. The minimum length of the 
working surface should accommodate two 14 
X 17 inch cassettes, end to end, to permit 
unloading and reloading of two cassettes. 
Preferably, it should be long enough to ac- 
commodate at least four 14 X 17 inch cas- 
settes, end to end, to preclude piling of cas- 
settes—a practice which is inconvenient, 
time-consuming, and damaging. The working 
surfaces shown in figures 7-3 and 7-4 require 
approximately 96 inches in length exclusive 
of the space occupied by the transfer cabinet 
and the cassette and film-holder storage 
compartments. The proper height of a bench 
for the average standing person is 3 feet. 
The depth is determined by the distance, a 
person can easily reach on the surface with- 
out undue leaning or stretching; 24 inches is 
recommended. A strip of molding, 1/2 X 1 
inch, placed lengthwise about 6 inches from 
the back edge of the bench, anchors the cas- 
settes while they are being opened and 
closed, and keeps them at the front of the 
bench within the working area of maximum 
efficiency. 

b. Film Bin. It is customary to keep a sup- 
ply of opened boxes of film, sufficient for 
immediate needs, underneath the loading 
bench. The most convenient method is to use 
a lightproof film bin possessing compart- 
ments in which opened film boxes can be kept 
upright. 

c. Storage Compartments. The ideal way 
to store cassettes and exposure holders is in 
vertical compartments so that they are read- 
ily accessible but do not encroach on the 
working surface of the bench top. 

d. Storage Cabinets. As shown in figures 
7-3 and 7-4, closed cupboards for such items 
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Figure 7-3. Loading Bench Section With 
Hangers Mounted Above Bench. 


as packaged chemicals, solution-mixing ac- 
cessories, and towels, may be located either 
below or above the loading bench. 

e. Storage of Hangers. Film hangers are 
usually stored above or below the loading 
bench. The hanger should be hung so that 
the technologist can remove it from the 
brackets by grasping one of its bottom cor- 
ners to avoid unnecessarily turning the 
hanger to position it for loading a film. The 
hangers stored above the bench should be 
hung with the crossbar uppermost (figure 7- 
3), while those below the bench should be 
suspended with the crossbars downward 
(figure 7-4). In figure 7-3, the hanger brack- 
ets are located so that there is a distance of 
24 inches from the bench top to the bottom of 
the hanger frame. This height permits easy 
reaching yet allows 14 X 17 inch hangers to 
be leaned temporarily against the bench 
wall without interference from the hangers 
suspended above. The hangers should be 
hung so that the right-hand hanger bracket 
is adjacent to the side piece of the hanger 
frame immediately under the crossbar. This 
precludes side motion of the hanger. 
Hangers stored upside down on the wide 
boards above the loading bench create an 
awkward situation in the film-loading rou- 
tine because each hanger has to be rotated 
before it is in proper position for loading. 
Hangers stored under the loading bench 
should be placed upside down on a flat board 
just wide enough to fit between the clips. The 
board may either be horizontal or incline 
downward so that the hangers gradually 
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slide to the front. An opening cut in the lip of 
the board facilitates the removal of hangers. 

f. Cassette Transfer Cabinet. The trans- 
fer cabinet for cassettes and film holders 
should open onto the loading bench so that 
these items can be moved to the bench top 
without undue lifting or carrying. The open- 
ing to the exposure room makes film holders 
readily available to the technologist. The 
cabinet should also be located at one end of 
the bench so as not to encroach on the film- 
handling area. It should open out into the 
exposure room or a corridor directly accessi- 
ble to the exposure room. The use of the cabi- 
net eliminates much traffic into the process- 
ing room. 

g. Waste Receptacle. The best arrange- 
ment for a wastepaper receptacle is to incor- 
porate it in the lower part of the loading 
bench (figure 7-3). Or, a suitable basket, box, 
or can may be placed near the loading bench, 
but placed so that it does not interfere with 
traffic; however, such a container in a corner 
or along one wall crowds the floor space if 
the processing room is small and encourages 
dumping of dust and refuse from other rooms 
of the department. 





Figure 7-4. Loading Bench Section With 
Hangers Mounted Below Bench. 


7-8. Processing Tanks: 

a. General. Manual processing includes 
developing, rinsing, fixing, washing, and 
usually drying of X-ray films and should be 
done in an area separate from the loading 
bench (figure 7-1). This arrangement avoids 
splashing of solutions on screens, films, and 
loading areas and prevents tnteirerence 
with loading-bench operations, 
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b. Types. There are two general types of 
tanks for X-ray processing. 

(1) Master Tank. The master tank 
serves as a water jacket to hold insert tanks 
and usually provides space between the in- 
sert tanks for rinsing and washing of films. 
If a washing tank is available, washing of 
radiographs is accomplished in this tank. 

(2) Insert Tanks. The insert tanks are 
removable containers for individual process- 
ing solutions and are placed in the water 
jacket of the master tank. They are made of 
stainless steel and are constructed in stand- 
ard sizes. Often the tank capacity is only 
approximate so it is necessary to compute 
the actual volume by using the following 
formula: 


Capacity of tank in gallons = 


Width X length X depth (minus 1 inch) 
1 


When the inside dimensions of the tank are 
correct, the solution level is 1 inch below the 
ledge for the crossbar, and the volume of the 
tank is maintained within plus or minus 5 
percent of its rated capacity. The capacity 
should be known so that the technologist can 
use the correct amount of processing chemi- 
cals when making solutions. 

ce. Arrangement of Tank Units. The proc- 
essing tank system usually consists of a 
master tank containing three solution tanks 
(figure 7-5). If a stop bath is used, the tank 


. total becomes four. Water in the space be 


tween the developer and fixer sections is used 
for rinsing purposes or insertion of a stop 
bath solution tank, as well as for tempera- 
ture control. A separate washing tank the 
same size as the master tank is usually 
available; it is provided with a two-compart- 
ment cascade washing arrangement or a 
single-compartment tank with overflow 
compartment. The insert tanks should be 
arranged in the master tank so that the or- 
der of handling loaded hangers is from left to 
right, the short dimension of the tanks being 
parallel with the front of the master tank to 
attain maximum efficiency in operation. 

d. Single-Compartment Wash _ Tanks. 
When the single-compartment wash tank is 
used, an overflow pipe is provided (figure 7- 
6). The water flows from the inlet pipe be- 
tween and along the surfaces of the films, 
then into the overflow pipe. This arrange- 
ment pernuts rapid washing because of the 
speed and thoroughness with which fresh 
water is circulated across the film surfaces. 
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Figure 7-5. Tanks. A-Main, B-Dev, C-Acid 
Rinse, D-Water Rinse, E and F-Fixing Tanks. 


OUTLET 





Figure 7-6. Single Wash Compartment. 


e. Cascade Wash Tank. Cascade washing 
of radiographs is the most efficient method 
because it eliminates fixer solution with a 
minimum amount of water. Although an ad- 
ditional operation is required for moving the 
films from one compartment to the next, the 
cascade system is especially useful in instal- 
lations handling a continuous volume of 
films. The tank (figure 7-7) consists of two 
washing compartments and an overflow well. 
The fresh water flows into the bottom of 

compartment “A,” passes upward over the 
partition into compartment “B,” under the 
end wall of the tank proper and through the 
outlet “C” in the overflow well. Fixer solu- 
tion is denser than water and normally drifts 
downward in the washing tank as it is re- 
moved from the radiographs. Preliminary 
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washing should be in compartment “B,” 
where the flow of water is downward. The 
radiographs are then placed in compartment 
“A” for the remainder of the washing period. 
By placing a film first in compartment “B,” 
those washing in compartment “A” are not 
contaminated, thus overcoming one of the 
disadvantages of single-compartment wash- 
ing. The amount of fixer solution carried to 
the final washing compartment from “B” is 
negligible so far as its effect on the washing 
time is concerned. The chief purpose of the 
overflow well in a cascade system is to per- 
mit the draining of water from the bottom of 
the adjacent washing compartment through 
a standard standpipe or through an overflow 
pipe in the back of the tank. 

f. Temperature Control. The temperature 
of the solutions should be controlled within a 
close range. The ideal situation would be to 
maintain both the air and the tap water at a 
temperature of 68°F; the water jacket and 
the washing water would remain at a fairly 
constant temperature, with or without a flow 
of water. However, the water source is sel- 
dom at this temperature for any length of 
time. To maintain an optimum temperature 
for processing, either hot or refrigerated 
water must be added. Since both may be 
scarce, some measure of temperature-con- 
trol should be used that utilizes a minimum 
of tempered water. 

(1) Refrigeration Unit. A detachable 
refrigeration unit is normally supplied for 
use with the processing tanks to temper the 
processing solutions. 

(2) Heating Unit. In the field the temper- 
ature of the solutions often drops below safe 
processing values. A suitable immersion 
heating unit can readily raise the tempera- 
ture of the solution to the required process- 
ing value. The minimum value should be 
60°F. 

(3) Thermometer. Processing of radi- 
ographs requires that an accurate check on 
the temperature of the solutions be main- 
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Figure 7-7. Cascade System of Washing. 
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tained at all times by the use of an accurate 
thermometer. The temperature of the solu- 
tions should always be checked when the 
work is first begun, and at intervals during 
the day. The optimum temperature of 68°F, 
recommended by the American Standards 
Association, has been adopted. 

(4) Tank Insulation. The master tank 
may require insulation, especially when 
there are wide differences between the tem- 
perature of the air in the processing room 
and the optimum processing temperature of 
68°F. For example, an air temperature of 85° 
to 90°F places an increased load upon the 
refrigerating unit to keep the solutions with- 
in the correct processing range if some meas- 
ure of insulation is not provided. Under 
these conditions, condensation moisture may 
accumulate on the outside of the tank and 
drip to the floor, creating a continual source 
of annoyance to the technologist who must 
stand close to the tank during the processing 
of films. Air conditioning solves all of these 
problems. In the field, however, this is not 
possible, and some type of insulation around 
the master tank is the only alternative. 
Blankets wrapped around the master and 
washing tanks help to stabilize the solution 
temperatures and prevent moisture conden- 
sation on the tank exteriors. When insula- 
tion is applied to metal tanks, it must be 
done with a tight bond. The sheet insulation 
must be fastened to the sides and bottom 
with an adhesive such as asphaltum; other- 
wise the moisture works into the insulation 
and eventually rots it. Such insulation can 
be effected in permanent installations. 

g. Drainage Facilities. The drainage line 
must be ample to accommodate the maximum 
simultaneous flow of water from both the 
water jacket and the washing tank. The flow 
through the drainage line is determined by 
its size and the pitch of the pipe. It should be 
at least 2 inches in diameter, and the pitch 
should be at least one-fourth inch per foot. It 
is good practice to flush the drain with rapid- 
ly flowing water after old processing solu- 
tions have been discarded through it, to pre- 
vent corrosion and to wash away any sludge 
and gelatin. In the field, drainage should be 
to a seepage pit or ditch. 

h. Maintenance. Trays, tanks, and other 
processing equipment sometimes become dis- 
colored or coated with decomposition prod- 
ucts of the photographic solution. While this 
may do no harmif a container is always used 
for the same kind of solution, it 1s much bet- 
ter to clean al! containers each time they are 
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emptied. The simplest method is to wash the 
equipment several times with water and then 
wipe the surfaces with a clean cloth. This 
procedure is preferable to the constant use 
of strong cleaning solutions, which should be 
resorted to only when washing is ineffective. 
Most cleaning solutions are either strong 
alkalies or acids and should be used with the 
same discretion given these chemicals when 
mixing photographic solutions. 

(1) Stains from oxidized developer are 
usually of brown or yellow-brown color. 
Fresh stains can often be removed by wash- 
ing with soap and water and wiping with a 
cloth. Severe stains require the use of a 
strong oxidizing solution such as the Tray 
Cleaner Formula (below). To use the Tray 
Cleaner Formula, pour a small volume of the 
cleaner solution into the vessel to be cleaned. 
Rinse around so that the solution has access 
to all parts of the vessel; then pour the solu- 
tion out and wash the vessel 6 to 8 times with 
water until all traces of the cleaning solu- 
tion disappear. This solution will remove 
stains caused by oxidation products of devel- 
opers and some silver and dye stains. It 
should not be used to clean the hands. 


Tray Cleaner Formula 


WW AUR scaateiesces ericson Dice tenideece 32 ounces 
Potassium bichromate .............c000.s. 3 ounces 
Sulfuric acid (concentrated) .......... 3 ounces 


CAUTION: Always add the sulfuric acid to 
the solution slowly, stirring constantly (nev- 
er add the solution to the acid), otherwise the 
solution may boil and spatter the acid on the 
hands or face, causing serious burns. 

(2) Developer tanks sometimes become 
coated with a scale of basic calcium sulfite, 
which is difficult to remove by scrubbing. 
This scale is soluble in acids, but the ease of 
removal varies according to the conditions 
under which the scale was formed. The tank 
should be filled with a solution of a stop bath 
formula (below) and allowed to stand over- 
night. If this does not loosen the scale suffi- 
ciently, a 5 percent solution of hydrochloric 
acid may be tried. The latter should be used 
with care, particularly with stainless steel, 
on which it is apt to cause serious pitting. 


Stop Bath—Strong 


NS Oe ais Saas lesa tend inate w eau onde acindes 1 gallon 

Acetic® acid, 28 percent .....ccccscesees 16 ounces 
*To make approximatley 28 percent acetic acid from 

glacial acetic acid, dilute 3 parts of glacial acetic acid 


witn & parts of water. 
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Stop Bath—Mild 

IW ROR sesso hts ii acecescssuctonecdewsseeiens 1 gallon 

Acetic* acid, 28 percent ............cc000 6 ounces 


*To make approximately 28 percent acetic acid from 
glacial acetic acid, ditute 3 parts of glacial ecetic acid 
with 8 parts of water. 


(83) Wash tanks often become coated 
with a slimy growth of algae that may break 
loose and be deposited on the film. This 
growth can be prevented by following the 
cleaning instructions in (2) above. After the 
tank has been thoroughly cleaned, the 
growth of algae can usually be controlled by 
weekly treatment with dilute solution of so- 
dium hypochlorite. A commercial bleach so- 
lution can be used at the rate of about 8 
ounces to a 48-gallon tank. The intake and 
overflow pipes should be covered by the solu- 
tion since the algae also grow in the pipes. 
The solution should remain in the tank over- 
night. The tank is then drained, scrubbed 
thoroughly with a stiff brush, and rinsed 4 or 
5 times with water. 


7-9. Film Dryer: 

a. The drying of radiographs is always 
important. The blower compartment of the 
film dryer is fitted with heating elements and 
a large fan. The heating elements are con- 
nected to the fan circuit to prevent turning 
on the heat without activating the fan. The 
dryer usually is ducted to the outside atmos- 
phere, which prevents the accumulation of 
excessive atmospheric moisture and heat in 
the room. ‘ 

b. The small processing room in which 
only a few films are processed daily and field 
darkrooms usuaily do not justify the instal- 
lation of a hot-air film dryer. A commercially 
available drying rack on which the X-ray 
film hangers are hung by one end of the 
crossbar is adequate. This rack is best 
placed on the wall over the washing tank, 
sink, or drainboard. When drying is to be 
accelerated, a flow of air from an ordinary 
electric fan can be directed toward the edges 
of the films in their hangers. A convenient 
rack for holding hangers during drying can 
be made by drilling 3/8-inch holes about 4 
inches apart in a 1 X 3 inch board of a length 
that will fit any space where it can be mount- 
ed. When the rack is placed high on a wall, 
the films can be suspended by inserting the 
crossbars of the film hangers in the holes. 
This obviates danger of striking the radi- 
ographs while wet, or spattering water on 
the drying surfaces and spotting them. 
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ce. The drying unit may be installed along 
the wall at one end of the processing room or 
under neath the loading bench. The drying of 
films is usually considered a “‘wet-film’”’ oper- 
ation and the placement of the dryer on the 
“dry” side of the room may at first seem a 
violation of the rule to keep “wet” and “dry” 
operations separate. If the films and hangers 
are drained first, and if a moderate amount 
of care is exercised, there is little likelihood 
that water will be splashed on the loading 
bench. 

d. A uniform air flow is secured when the 
air is drawn into rather than blown through 
the dryer. The dryer should deliver a mini- 
mum air flow of 450 to 500 cubic feet per 
minute to the radiographs. In general, the 
lowest heat possible should be used to main- 
tain the air temperature at approximately 
120°F inside the dryer. To prevent accidental 
overheating of the films, the circuits should 
be designed so that the heating elements 
cannot be activated unless the fan is operat- 
ing. 

e. Suitable insulating material is placed 
around the dryer so that heat cannot escape 
to raise the room temperature or affect un- 
processed films on top of the loading bench. 
The dryer should be vented outside the proc- 
essing room. The drip pan underneath each 
film drawer should be kept clean and free of 
dust and debris. 


SECTION B—PROCESSING ACCESSO- 
RIES 


7-10. Arrangement. Processing accessories 
should be near to the section of the process- 
ing tank where they are used. Time-tempera- 
ture guides, exhaustion charts, and other 
processing information are readily referred 
to when fastened to a chart board placed 
near the developing tank. A shelf for the in- 
terval timer and thermometers should be 
located near the developer section. Other 
accessories may be placed on shelves, if 
available, above and behind the processing 
tanks. 


7-11. Processing Hangers: 

a. General. There are three general types 
of processing hangers: sheet film hanger, 
dental film hanger, and roll film hanger. 

(1) Sheet Film Hanger. The sheet film 
hangers hold the X-ray film taut during the 
processing procedure. They consist of a 
crossbar and rigid frame to which are at- 
tached four clips, two of which are mounted 
on a bow spring welded to the crossbar (fig- 
ure 7-8). 


7-10 


(2) Dental Film Hanger. The dental film 
hanger consists of a bar to which are at- 
tached film clips. 

(3) Roll Film Hanger. Where it is neces- 
sary to process 70-mm roll film for photo- 
fluorography, or various widths of cardi- 
ographic film or paper, a special adjustable 
processing hanger may be used if a special 
processing tank for this purpose is not 
available. It will accept 35-, 45-, 50-, 60-, and 
70-mm film widths and any length up to 11 
feet. The outer frame is approximately the 
same size as a 14 X 17 inch processing hang- 
er and can be used in the 5-gallon processing 
tank. For sheet X-ray filmin the 4 X 10 inch 
and 70-mm sizes there are special hangers 
that can be used in the 5 gallon tank. 





Figure 7-8. Processing Hanger. 


b. Hanger Adjustment. Bow springs of 
hangers used for an extended period grad- 
ually lose tension and, instead of producing 
tautness in the films, permit them to bulge. 
When several hangers with this deficiency 
are placed in the processing tank, areas of 
the films touch or even adhere to one anoth- 
er, preventing complete development and 
resulting in artifacts in the radiographs. To 
adjust the hanger, place on the loading 
bench. Insert in the jaws of the lower clips a 
sheet of cardboard from the box of X-ray film 
of the same size as the hanger. Bend the bow 
springs upward until the lower tips of the 
clips attached to them are about one-eighth 
inch above the top edge of the cardboard. 

ce. Cleanliness. Film hangers should be 
kept clean. Usually the normal washing step 
in the processing cycle is enough to prevent 
accumulation of chemical deposits. If re- 
quired, stubborn deposits can be removed by 
scrubbing with a cleaning powder. 
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7-12. Interval Timer. The interval timer is 
used to regulate the period of development of 
the exposed X-ray film. The dial face should 
be marked in minutes, usually to 30 minutes, 
and each minute subdivided into 1/4-minute 
intervals. The timer supplied is usually 
spring wound when the winding lever is de- 
pressed. This action also begins the timing 
period. Electric timers are also available. 


7-13. Mixing Equipment: 

a. General. Two stainless steel pails to 
hold 2 gallons each of solution, a stainless 
steel or plastic funnel, and two stainless 
steel mixing paddles are important items of 
mixing equipment. 

b. Filler and Drainer. Where circulating 
water is available, a small filler and drainer 
water pump is useful in emptying and filling 
solution tanks not equipped with outlets. 
This device consists of a three-branched 
rubber hose, one for connecting to a water 
faucet, one for the solution tank, and one for 
the sink. When the faucet is turned on, 
enough suction is generated by the running 
water to drain the tank rapidly. The pump 
can also be used in the cleaning of tanks by 
rinsing with water entering through the out- 
let branch, and then removing the water 
through the suction branch. 

e. Utility Sink. A sink for cleaning tanks 
or mixing chemical solutions is a decided 
convenience and saves time. 


7-14. Laboratory Aprons. A_ waterproof 
apron should be worn during the processing 
operations to prevent solution stains on uni- 
forms and other clothing. 


7-15. Wet-Film Brackets. Brackets may be 
placed over a sink or drip receptacle where 
films may be drained for several minutes 
before being placed in the dryer. 


SECTION C—X-RAY FILM 


7-16. Introduction. X-ray film must be char- 
acteristically different from film used in pho- 
tography since the properties of X-rays in 
producing a radiographic image are of a dis- 
tinct character. Because of its importance to 
medicine, X-ray film is manufactured with 
consistent uniformity and quality which fa- 
cilitates standardization of exposure and 
processing. 


7-17. Components. In general, X-ray film is a 
double emulsion film composed of a transpar- 
ent base, adhesive subcoating, sensitized 
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emulsion, and a protective coating on both 
surfaces (figure 7-9). 
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Figure 7-9. Cross Section of an X-ray Film. 
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a. Film Base. The film base supports the 
emulsion and provides the correct degree of 
stiffness for handling purposes. It is com- 
posed of either cellulose acetate or polyes- 
ter, both of which are transparent and blue- 
tinted. 

(1) Cellulose Acetate. Cellulose acetate 
is made by dissolving cotton in acetic acid. 
The cotton cellulose combines with the acid 
to form cellulose acetate that is then dis- 
solved in a volatile solvent containing blue 
dye. The solution of cellulose acetate is 
poured onto huge heated drums, where it so- 
lidifies to a thickness of about .008 of an 
inch. Cellulose acetate does, however, have a 
tendency to become saturated with liquids 
during processing, which results in frequent 
problems in automatic processors. 

(2) Polyester. A polyester film base pro- 
vides more strength in a thinner form and is 
more compatible with the higher tempera- 
tures used in rapid processing systems. It 
also has a blue dye added to it. 

b. Adhesive Subcoating. The subcoating is 
a very thin layer of adhesive-type material 
used to attach the emulsion to the film base. 

c. Emulsion. Radiographic film emulsion is 
a mixture of finely precipitated silver brom- 
ide crystals suspended in a gelatin. The sil- 
ver bromide crystals are mixed with the ap- 
propriate gelatin to form the film emulsion. 
When examined under a microscope (see fig- 
ure 7-10), the emulsion is seen to be made up 
of countless tiny crystals of silver bromide 
embedded in gelatin; upon exposure and de- 
velopment, these crystals are changed into 
irregular clumps and strands of black-me- 
tallic silver, which in the aggregate compose 
the radiographic image. Figure 7-11 shows a 
crosssection of an exposed and developed 
emulsion layer. Each emulsion layer is about 
.001 of an inch thick. Since X-rays pass read- 
ily through X-ray film—and also through X- 
ray intensifying screens—an emulsion layer 
is coated on both sides of the film base, prov- 
iding a greater effect upon exposure to X-ray 
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Figure 7-10. Photomicrograph (400X) of a 
Cross Section of an X-ray Film. 


than would be possible with an emulsion 
coated only on one side. 

(1) Silver Bromide Crystal. In the early 
stages of emulsion manufacturing, a solu- 
tion of silver nitrate and potassium bromide 
is produced. This results in the formation of 
silver bromide crystals and potassium ni- 
trate. The potassium nitrate is then washed 
out of the solution, and the result is a silver 
bromide crystal consisting of bound atoms 
of silver and bromide. 

(a) Ionic Bonding. Silver (Ag) having 
one valence electron, will readily give up this 
electron to the bromine (Br) atom which has 
seven valence electrons. This process, known 
as ionic bonding, along with some chemical 
bonding results in millions of negative bro- 
mine ions and positive silver ions bound to- 
gether to form a silver bromide crystal. In 
chemical symbols this reaction is: 


AgNO, + K Br ——— AgBr +KNO; 
Silver Potassium Silver Potassium 
Nitrate Bromide Bromide Nitrate 


(b) Interstitial Silver Ions. Imperfec- 
tions within the crystal structure result in 
displaced silver ions that have not combined 
with the bromine. These positive silver ions, 
which are free to move about within the 
crystal structure, are called interstitial sil- 
ver ions and play an important part in for- 
mation of the image. 

(2) Gelatin. Gelatin is a necessary con- 
stituent of the X-ray film emulsion. It is an 
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Figure 7-11. Photomicrograph (2500X) of Silver Bromide Emulsion Before (Left) and After 


(Right) Exposure and Development. 


ideal suspension medium of the silver bro- 
mide crystals for three primary reasons: it 
provides an even suspension of the crystals; 
it has the ability to swell, shrink, and hard- 
en; and it increases the sensitivity of the sil- 
ver bromide crystals. 

(a) Source. Gelatin for photographic 
purposes is extracted from calf skins. Cattle 
eating food containing mustard retain m- 
croscopic traces of sulfur in their hides, 
which in turn is carried in the gelatin made 
from them. The silver bromide crystals sus- 
pended in this kind of gelatin are more sensi- 
tive to the action of X-rays or light than 
crystals contained in gelatin having no trace 
of sulfur. Chemists found means for substi- 
tuting the right amount of mustard oil to 
provide the necessary sulfur to sensitize the 
silver bromide crystals. 

(b) Characteristics. Chemically, gela- 
tin is a colloid and a very complex substance. 
Without special treatment, gelatin when 
placed in water absorbs an amount several 
times its bulk, and it becomes soft and flexi- 
ble. In both liquid and solid forms it is clear 
and transparent so that no optical impair- 
ment of the image occurs when it is used in 
film manufacture. Gelatin immersed in water 
at high temperatures will liquefy, but it will 
not dissolve in cold water. In making an 
emulsion, the liquid state is necessary for 
emulsion mixing and coating. In the manu- 
facture of gelatin emulsion, it can be given a 


hardness greater than normal and still main- 
tain some measure of porosity when subject- 
ed to the processing solution temperatures 
during fixation. The emulsion can swell con- 
siderably in a cool solution without dissolv- 
ing, thereby permitting action of the various 
processing chemicals on the embedded silver 
crystals. The fixing bath then can remove 
the unexposed silver bromide crystals and 
harden and shrink the gelatin containing the 
reduced metallic silver. Silver bromide nor- 
mally is sensitive to the action of light or X- 
rays, but its sensitivity, or “speed,” is mate- 
rially increased by the use of gelatin as a 
suspension medium. The influence of gelatin 
on sensitivity varies with different gelatins; 
therefore, its selection for X-ray film must be 
very carefully made. 

(c) Sensitization. Sensitization of the 
emulsion is a complicated chemical process 
that assures the presence of submicroscopic 
quantities of silver sulfide or photosensitive 
colloidal silver—“‘specks’—chiefly on the 
surfaces of the majority of the crystals. 
They provide the future sites for the begin- 
ning of the development phenomenon leading 
to the production of the visible image. Upon 
exposure the specks incite the crystals to 
pass through an ionic phase of activity that 
upon chemical development leads to neutrali- 
ty, leaving black metallic silver on the cellu- 
lose support, and the byproducts of the reac- 
tion in the developer and fixer solutions. This 
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is a basic response of any photographic 
emulsion whether it is exposed to light or X- 
rays. 

d. Protective Coating. A thin transparent 
material is coated over the emulsion to pro- 
tect it during handling and storage. Figure 
7-12 shows the composition of X-ray film. 
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Figure 7-12. Composition of X-ray Film. 


7-18. Production of the Latent Image: 

a. When the X-ray film emulsion is sensi- 
tized during manufacture, the silver bromide 
crystals are left in a state of suspended ani- 
mation awaiting the X-ray stimulus to start 
them on the way to becoming a radiographic 
image. The potentialities for this activity 
exist in the tiny sensitization “specks” at 
the surfaces of the crystal (A, figure 7-13). 
When X-ray exposure occurs, the latent 1m- 
age is produced. 

b. The generally accepted theory as to the 
nature of changes occurring in the produc- 
tion of the latent image is that when the sil- 
ver bromide crystals are atomically activat- 
ed by exposure to X-rays, electrons fly out of 
their normal atomic orbits and wander at 
random throughout the crystals. These are 
known as photoelectrons (B, figure 7-13), one 
of which (in dotted box, B, figure 7-13), is 
theoretically represented in C through I, 
figure 7-13. Normally, the silver bromide 
crystal is a nonconductor of electricity. 
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Upon exposure to X-rays or light, however, 
it becomes a weak conductor and the photo- 
electrons, released from the _ individual 
atoms in the crystal, flow within the crystal 
as a tiny electric current (C, figure 7-13). 
Ultimately, some of these electrons are 
trapped or acquired by the “speck” (D, figure 
7-13). A negative electrostatic field is now set 
up around the “speck.” Other activities also 
occur in the crystal, for the slower moving 
silver ions with a positive charge travel (E, 
figure 7-13) to the negatively charged specks 
where they are neutralized (F, figure 7-13) to 
form tiny particles of atomic silver while the 
bromine portions of the crystal are absorbed 
elsewhere. (Theoretically 4-10 silver ions are 
needed to form a stable image.) As more sil- 
ver ions are neutralized, the speck grows 
with silver (G, figure 7-13) until it reaches a 
size that can start chemical reduction of the 
whole crystal when it is later attacked by 
the reducing agents in the developing solu- 
tion (H, figure 7-13). In I, figure 7-13, the sil- 
ver has been reduced to metallic silver by the 
action of the developer. 

c. The latent image cannot be seen or de- 
tected by ordinary physical means, but it 
can be changed into a visible silver image by 
chemical processing (development process, 
paragraph 7-26). 


7-19. Medical X-Ray Film. There are two 
kinds of X-ray film used in medical radi- 
oeraDie: screen-type and direct-exposure 

m. 

a. Screen-type film is particularly sensi- 
tive to the fluorescent light of X-ray intensi- 
fying screens. The visible fluorescent light of 
the screen amplifies the direct action of the 
X-rays. Although it is not too sensitive to the 
action of the direct exposure of X-rays, it 
may be exposed in radiography of the small- 
er thicknesses of the body, such as the hand 
and ankle. 

b. Direct exposure film is especially sensi- 
tive to the direct action of the X-rays and is 
used only for thin parts of the body. Its sil- 
ver content is greater and has a higher in- 
herent contrast than the screen-type film. 
This film should never be used with X-ray 
intensifying screens, for it is not as sensitive 
to the fluorescent light of intensifying 
screens as the screen-type film. When used 
with intensifying screens, screen-type film is 
much faster than the direct-exposure type. 
When screen-type film is used without inten- 
sifying screens; however, it is slower than 
the direct-exposure type when exposed to the 
direct action of the X-rays. 
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Figure 7-13. Changes Occurring Within Silver Bromide Crystal Upon Exposure to X-rays and, 


Subsequently, Developer. 


7-20. Dental X-Ray Film. Dental X-ray films 
are available in different sizes and types. 

a. Periapical Film. The periapical film is 
used to radiograph the crown root and sup- 
porting structures of the teeth. It is particu- 
larly useful to determine abscesses, cysts, or 
granulomas located at the root apices. 
Additionally, periapical film has great value 
in diagnosing bone loss caused by pericdon- 
tal disease. Full mouth periapical film series 
are also used as a record of the progression 
of such diseases. 


b. Bitewing Film. The interproximal, or 
bitewing, film is used principally to locate 
cavities on the interproximal surfaces of the 
teeth. These include the crown portion of the 
tooth and a small area of the root. To hold 
the film in position, the patient’s teeth close 
ona tab which is attached to the film packet. 

ec. Oeclusal Film. The occlusal film is a 
larger film which is placed horizontally be- 
tween the occlusal surfaces of the upper and 
lower teeth. The occlusal film provides a gen- 
eral view of the maxillary and mandibular 
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arches. This type of film is especially useful 
in locating foreign bodies in the floor of the 
oral cavity and impacted teeth, cysts, et cet- 
era, in the palate. There are usually two 
films in the occlusal packet which allow for 
different developing times. In medical radio- 
graphy occlusal film is also used for exami- 
nations of the nasal bones and to demon- 
strate stones in the salivary ducts. 


7-21. Photofluorographic Film. Photography 
of the X-ray image on a fluorescent screen 
(photofluorography) requires the use of ei- 
ther of two types of single-coated photo- 
graphic film. One type is most sensitive to 
the blue fluorescence of one kind of fluores- 
cent screen; the other is most sensitive to the 
green fluorescence of another kind of screen 
(see paragraph 7-64, this chapter, for proper 
safelights to use with green sensitive film). 
These films are usually supplied in rolls or 
sheets. 


7-22. Film Characteristics. At the time of 
manufacturing, the manufacturer deter- 
mines not only the speed or sensitivity of the 
film, but also other characteristics, such as 
density, contrast, detail, and inherent film 
fog. The characteristics of a film are impor- 
tant since they have a bearing on the quality 
of the finished radiograph. Manufacturers 
express the characteristics of their films 
with the use of a “characteristic curve’ 
which is commonly referred to as an H & D 
curve. The H & D curve, so named after 
Hurter and Driffield who first used it, de- 
scribes the response of the film to varying 
doses of radiation. Although the H & Dcurve 
appears difficult to use because of its loga- 
rithmic values, it can provide the technolo- 
gist who knows little or nothing about loga- 
rithms with useful information. The H & D 
curve is obtained by exposing one type of 
film to a series of carefully calculated expo- 
sures and measuring the resulting densities 
with a densitometer. The information is then 
plotted on a chart with the density range 
located on the left vertical margin and the 
relative exposure across the bottom. The 
three major portions of the curve are the toe, 
the body, and the shoulder (see figure 7-14). 

a. Density. Density can be explained as 
the ratio between the transmitted light com- 
pared to the light incident to the film. The 
less light transmitted through the film, the 
greater the density. The amount of density is 
expressed in logarithmic values; the technol- 
ogist need not understand logarithms to read 
density effectively. Density is represented on 
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Figure 7-14. H & D Curve Showing the 
Thrée Major Portions. 


the vertical margin of the graph in figure 7- 
14. If there is zero density on the film, all or 
100 percent of the light will be transmitted 
through the film. If there is a density of 0.3 
(logarithmic value), then the transmitted 
light will be cut in half (50 percent). A densi- 
ty of 1.0 will further reduce the transmitted 
light to 10 percent. If there is a density of 2.0 
the transmitted light will be reduced to 1 
percent. If the density is increased to 3.0, the 
transmitted light will be further reduced to 
.1 percent. The various densities are ob- 
tained by use of a densitometer, an instru- 
ment for measuring density, which compares 
the amount of transmitted light to the light 
incident on the film and provides a numerical 
value for the density on the film. 

b. Log Relative Exposure. Log relative 
exposure shown on the horizontal margin of 
the chart (see figure 7-14) represents the 
logarithmic values of the relative exposure 
(mAs). A change of .3 on the scale represents 
either doubling or halving the mAs, depend- 
ing upon whether the value is increased or 
decreased. An increase of .3, such as from .5 
to .8 means that the mAs is doubled. A de- 
crease of .3, such as from .5 to .2, means that 
the mAs is halved. As previously mentioned, 
these figures are logarithmic values of the 
relative exposure; consequently, they can 
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represent any mAs values. In figure 7-14 if 
50 mAs produced a density of .5 (50 mAs 
would be represented on the exposure scale 
as 1.0), then 100 mAs would produce a densi- 
ty of 1.75 (100 mAs would be 1.3 on the expo- 
sure scale). By the same token, if 150 mAs 
produced a density of .5, then 300 mAs would 
produce a density of 1.75. 

ec. Background Density and Fog. The toes 
of the curves in figure 7-15 indicate that film 
A has a background density or inherent film 
fog of .25 at zero exposure, and film B has a 
background density of .12. This tells us that 
the inherent fog level is greater with film A. 

d. Film Speed and Density. The speed or 
sensitivity of a film is determined by the pos- 
ition of the curve on the graph. The curve of 
the more sensitive film will lie to the left of 
the chart, indicating that less exposure is 
needed to produce a certain density. On the 
graph in figure 7-15, film A is faster than film 
B 


e. Contrast and Exposure Latitude. The 
slope of the curve reflects the inherent con- 
trast of a film. A more gradual slope indi- 
cates a film yielding a longer scale of con- 
trast and consequently a greater exposure 
latitude, such as film B (figure 7-15). Film A 
(figure 7-15) will exhibit a shorter scale of 
contrast and less exposure latitude as de- 
picted by its more vertical slope. 

f. Proper Processing. To produce the qual- 
ities that are shown by the H & Dcurve of a 
particular film, the film must be processed as 
specified by the film manufacturer. This will 
be discussed in more detail in the section on 
processing principles. 


7-23. Storage and Protection of X-Ray Film. 
X-ray film is delicate and should not be han- 
dled carelessly or roughly. It is sensitive to 
maltreatment of any kind—and heat, light, 
X-rays, radium, chemical fumes, pressure, 
rolling, bending, et cetera, can adversely 
affect the emulsion. It can be handled safely 
and swiftly for all radiographic purposes as 
long as the technologist uses precaution to 
avoid the production of foreign marks (arti- 
facts) on the film. (Radiographically, an arti- 
fact is a mark on the film which is foreign to 
the X-ray image, and which is not necessari- 
ly imposed on the film by the action of X- 
rays.) Safety X-ray film is In common use 
today. Radiographs made with this film can 
be stored on open shelves, in manila envel- 
opes. Discarded film boxes may be stood on 
edge and used for filing radiographs. 

a. Packing of Film. X-ray film is packed in 
hermetically sealed metal foil and paper 
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Figure 7-15. Chart Showing Two H & D 
Curves. 


wrappings to protect it from light and mois- 
ture. Packaged in quantities of 25 and 75 
sheets, each film is in a folder of chemically 
pure interleaving paper. (Some manufactur- 
ers eliminate the interleaving paper.) Each 
quantity of 25 or 75 sheets is placed between 
cardboard, wrapped in protective paper, and 
placed in a metal foil bag hermetically sealed 
to insure approximately 50 percent relative 
humidity inside the package. The package is 
then wrapped in paper and placed in a card- 
board carton. Packed thusly, X-ray film will 
be free from any defects due to excessive 
humidity, as long as it remains in the un- 
opened foil wrapping. For oversea ship- 
ments, each carton is sealed in heavy water- 
proof paper for additional protection. 
b. Storage Precautions: 

(1) Heat. Unexposed and unprocessed X- 
ray film should always be kept in a cool, dry 
place. It should never be stored in basements 
or near steampipes or other sources of heat. 
In extremely warm climates only small 
quantities of film should be ordered at one 
time, so that a rapid turnover takes place. 
High temperatures exert injurious effects on 
the emulsion causing loss of contrast and the 
production of fog. Unexposed X-ray film is 
not usable longer than a few weeks after 
subjection to temperatures of 90° to 100°F, 
or longer than a few days at 110° to 120°F. A 
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relatively brief period of excessive heat in 
transit or storage may ruin the film regard- 
less of how well it is protected. Hermetically 
sealed containers protect film from moisture 
—both from humid air or actual water im- 
mersion—and other contaminants as long as 
the package is unbroken; they do not protect 
against high temperatures. A guide to the 
usability of film under various storage tem- 
peratures and approximately 60 percent 
humidity is as follows. If film is to be used in 
2 months, it can withstand temperatures up 
75°F without deterioration. If stored at 
60°F, it can be kept 6 months; at 50°F, for 1 
year. Ideal storage conditions prevail at 
temperatures of 50° to 75°F and 40-60 per- 
cent relative humidity. 

(2) X-rays. Film must be suitably pro- 
tected from the unwanted action of X-rays or 
radium by lead-lined walls or chests. Film 
bins located in the processing room should be 
protected by sheet lead. 

(3) Fumes. X-ray film must never be 
stored in drug rooms or other places contain- 
ing fumes of any kind. Illuminating gas, 
formalin, ammonia, volatile oils, sewer gas, 
et cetera, will fog film if it is stored in an 
atmosphere containing these substances. 

(4) Pressure. Film should never be sub- 
jected to extreme pressure, such as wrin- 
kling, bending, or rolling because changes 
take place in the emulsion which, upon devel- 
opment, appear as artifacts on the finished 
film. To avoid pressure markings, packages 
of unexposed X-ray film should always be 
stored on edge; they should never be stacked 
one upon another. 

(5) Expiration Date. All film should be 
used before its expiration date. 

(6) Refrigeration. Storage of unopened 
packages of X-ray film in refrigerators is 
satisfactory provided packages are removed 
24-36 hours before they are used. This proce- 
dure is necessary to avoid the production of 
condensing moisture on the film when each 
sheet is removed from the package under 
high atmospheric temperatures. Open boxes 
of X-ray film should not be stored in refriger- 
ators wherein conditions of high humidity 
usually prevail. Once a box of film is opened, 
it should be used as soon as possible. If 
opened boxes of film must be contained in 
refrigerators, no other materials should be 
stored therein and some type of dehydrator 
should be used to reduce the humidity. 


7-24. Handling of X-Ray Film. In handling X- 
ray film, the technologist should avoid touch- 
ing its surfaces. The film should be held as 
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near the edges as possible with clean, dry 
hands. 

a. Safeguards Against Light Fog. Any 
form of white light creeping into a process- 
ing room through cracks around the edges of 
partitions or doors may fog X-ray film. Only 
that light from a properly constructed safe- 
light equipped with a Wratten Series 6B fil- 
ter, containing the proper wattage lamp, 
should be permitted to fall on the film during 
its handling. But even this light may fog film 
if permitted to shine on a particular area for 
too long an interval. No film should be ex- 
posed to the safelight for a period longer 
than it takes to unload a film, place it in its 
hanger, and immerse it in the developing so- 
lution. 

b. Precautions Against Static Discharges. 
In the manufacture and packing of X-ray 
film, every precaution is taken to avoid the 
accumulation of static electricity on the film 
surfaces. During the emulsion-coating oper- 
ation, electricity is removed so that static 
charges have no opportunity to accumulate 
on the film and lead to static marks on the 
finished radiograph. The film is coated and 
dried in an atmosphere free of dust and at an 
optimum and constant temperature and 
humidity, which keeps the formation and 
production of static electricity to a mini- 
mum. A static electric discharge emits visi- 
ble light capable of sensitizing the film. The 
resulting artifacts assume various shapes, 
usually treelike or bushlike with fingerlike 
processes emanating outward from the point 
of discharge, which always has the greatest 
density. Often static marks assume the char- 
acter of black smudges. Discharges are most 
likely to occur in cold, dry periods, and it is 
then that particular care must be taken to 
handle film carefully and avoid friction on 
its surface. The loading bench in the process- 
ing room should be grounded so that any 
static charges can be dissipated before the 
cassette is opened. 

ec. Removal of Film From Carton. In tak- 
ing the interleaved film from the carton, 
always remove the film with its folded paper 
wrapper. Rapid movement should be avoided 
as a protection against the production of 
static electricity. The proper procedure in 
opening the film carton is illustrated in fig- 
ure 7-16. When the film is removed from its 
carton, it should be held vertically at the 
middle of the top border with the finger tips 
of the right hand. The paper leaves can then 
be carefully separated from the film with the 
left hand. In this operation the lower border 
of the film is grasped by the left hand and the 
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Figure 7-16. Procedure for Opening X-ray Film Carton Under Proper Safelight Conditions. 
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ensemble rotated 180° vertically. The paper 
will then fall away from the film. The lower 
edge of the freely suspended film is grasped 
by the finger-tips of the right hand, and the 
film placed in the cassette. The paper should 
not be removed, however, if the film is to be 
used in direct exposure holders instead of 
cassettes. Dental films should be held at the 
edges after the packet wrappings have been 
removed. Such care will prevent many types 
of marks from appearing on the film. 

d. Removal of Film From Dental Packet. 
Since dental X-ray films are in sealed individ- 
ual wrappings, a special procedure for re- 
moving these wrappings is required. The 
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correct procedure in opening a dental X-ray 
film packet and attaching it to the dental 
developing hanger is shown in figure 7-17. 


7-25. Loading and Unloading Film: 

a. Loading and Unloading the Cardboard 
Film Holder. The cardboard film holder con- 
sists of two pieces of radio-transparent pa- 
perboard that comprise the cover, which are 
held together with heavy binding cloth. To 
one cover, a metal clip is attached on a pivot; 
laminated to the inside of the cover is a thin 
lead foil lining. Affixed to the inside of the 
other cover is an envelope that folds around 
the film and excludes all light. 
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Figure 7-17. Removal of Dental X-ray Film From Packet. 
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(1) Loading. In loading, the film with the 
paper around it is placed in the open holder; 
the large flap of the envelope is turned down, 
then the side flaps are brought over, followed 
by the bottom flap; the covers are brought 
together and fastened with the clip. The cor- 
rect procedure for loading a cardboard film 
holder is shown in figure 7-18 and this proce- 
dure should be followed if light fog is to be 
avoided. The holder is now ready for use. 
Since the back of the exposure holder con- 
tains a thin sheet of lead to prevent back- 
scatter, it must not be interposed between 
the part and the film. This would cause an 
underexposure by reason of the absorption 
of the radiation by the lead. The cover of the 
film exposure holder upon which is printed 
“tube side” should be uppermost and face the 
X-ray tube during exposure of the film. 

(2) Unloading. After the exposure of the 
film, the film is removed from the holder. In 
this procedure, be sure that film is not bent 
or crinkled in handling. The correct proce- 
dure for this operation is shown in figure 7- 
19. 

b. Loading and Unloading the Cassette: 

(1) Loading. When loading a cassette, 
the film without the paper is placed in the 
bottom of the cassette and superimposed on 
the front intensifying screen. The lid carry- 
ing the back screen is gently closed and 
locked by means of the back springs. When 
placing the film in the cassette, care should 
be exercised to avoid scraping or sliding the 
film over the edges of the cassettes or sur- 
face of the screen. The procedure for correct- 
ly loading a cassette is illustrated in figure 
7-20. 

(2) Unloading. The correct procedure 
for removal, after exposure of the X-ray film 
in the cassette, is shown in figure 7-21. Be 
sure the hands are dry and do not come in 
contact with the X-ray intensifying screens. 

ce. Loading the Processing Hanger. When 
the exposed film is removed from the cassette 
or exposure holder, it is held vertically with 
the left hand at the upper left corner while a 
processing hanger of proper size 1s taken 
from the storage rack. The upper left corner 
of the film is inserted in the bottom left clip, 
and the right film corner in the right bottom 
clip. The hanger is then inverted and the 
procedure repeated. The procedure for load- 
ing the hanger is shown in figure 7-22. The 
film is now ready to be developed, but before 
immersing it in the developer, the surface of 
the film should be checked to see that it 1s 
taut and does not bulge. Jf it bulges, one of 
the upper bow spring clips sheuld he loos- 
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ened and the film reinserted in the clip after 
the slack is carefully taken up. Since cleanli- 
ness is of importance and the presence of 
extraneous marks or artifacts on the radi- 
ograph are objectionable, residual gelatin or 
at in the clips should be removed periodi- 
cally. 

d. Immersion. of Hangers in Solutions. 
When placing hangers loaded with film in 
solutions either singly or in groups, do so as 
a unit. They should be immersed quickly and 
carefully so that the film surfaces are uni- 
formly bathed with solution and are not en- 
dangered by adjacent hangers. Immediately 
after complete immersion of the films, they 
should be raised several times about 2 inches 
out of the solution and then lowered. This 
action removes air bells and bathes com- 
pletely the surfaces of the film with solution. 
Hangers should then be separated by about 
three-fourths of an inch. Hangers should 
never be removed entirely from the solution 
until they are ready for succeeding process- 
ing operations. By keeping the level of the 
solutions 1 inch below the top of the tanks, 
the crossbars of the hangers are not covered 
by the developer or fixer solution. When in 
the wash water, fresh water should flow over 
the hanger crossbars. 

e. Loading the Dental Film Hanger. A den- 
tal X-ray film hanger consists of a bar of 
metal to which are affixed film-holding clips 
for insertion of exposed dental X-ray films 
for processing. The correct procedure for 
loading films in the dental hanger is illus- 
trated in figure 7-17. 


SECTION D—PROCESSING CHEMISTRY 


7-26. Manual Developer Solution. The manual 
developer solution is composed of four basic 
agents: activator, reducers, restrainer, and 
preservative. All of the agents are mixed 
with water, which acts as a solvent. Because 
each of the agents has its own specific func- 
tion, they will be dealt with separately in the 
following paragraphs. 

a. Activator (Sodium Carbonate). The ac- 
tivator or alkali, sodium carbonate, softens 
the gelatin of the emulsion and provides the 
necessary alkaline medium to the solution, 
so that the reducing agents can diffuse into 
the emulsion and attack the exposed silver 
bromide crystals. In general, the more alka- 
line the developer, the more powerful and 
rapid is its action. A disadvantage of sodium 
carbonate is that when a film is processed in 
an X-ray developer containing it and then 
transferred to a warm acid fixing bath, tiny 
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Figure 7-18. Loading Cardboard Film Holder. 
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Figure 7-19. Removal of Exposed X-ray Film From Cardboard Film Holder. 


bubbles of carbon dioxide gas may form in 
the soft gelatin. As the bubbles escape, they 
form tiny craters or pits in the emulsion 
thereby breaking up the normal character of 
the silver image. The finished film or radi- 
ograph is blistered. To overcome this effect, 
the temperature of developer, rinse, and fixer 
solutions should be approximately the same. 

b. Reducers (Elon/Metol and Hydroqui- 
none): 

(1) Reduction Process. As described in 
paragraph 7-18, the latent image site is a 
speck of silver capable of initiating develop- 
ment. The latent image site then, provides a 
place where the reducers accomplish the 
process of breaking down the silver bromide 
erystal to black metallic silver. The reducing 
agents act as electron donors to the latent 
imag® site, giving it a negative charge. Thus, 


the positively charged silver ions may move 
into the areas of the sensitivity speck and 
become attracted to it. As this process con- 
tinues, more silver ions are attracted and 
deposited as atoms of silver. The final result 
is the reduction or breakdown of the entire 
crystal to black metallic silver. 

(2) Reducing Agents. The agents com- 
monly used are elon or metol, and hydroqui- 
none. The activity of these chemicals re- 
quires their presence in an alkaline solution. 
Each of these chemicals functions differently 
in attacking the emulsion. The elon starts 
development by attacking the exposed silver 
bromide crystals swiftly, with resultant 
production of the gray tones in the image. 
Elon is unpredictable above 75°F while hy- 
drovulmone ceases its activity below 60°F. 
The activity of the hydroquinone is slower, 
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Figure 7-20. Procedure for Loading Film in Cassette Containing Intensifying Screens. 


7-24 





AFM 160-30/TM 8-280/NAVMED 


P-5119 1 August 1974 


>" ) ' 


p 
. 
i 
_— all 
o + a. 


oJ 


Figure 7-21. Removal of Exposed X-ray Film From Cassette. 


but it serves to build up the black tones re- 
quired in the radiographic image. Both redu- 
cers acting as a team produce a good image 
with satisfactory contrast in a minimum of 
time, as long as the temperature of the solu- 
tion remains in the optimum range. Reducers 
are not too stable in the presence of oxygen, 
which they can readily absorb either from 
the air or the water. The reducing action of 
hydroquinone on silver bromide is shown in 
the following chemical equation: 


2 AgBr + C.H (OH) 2 ——_— 

Silver Hydroquinone 

Bromide 
2 Ag +- 2 Br + C.H,0,. + 2H+ 
Free Bromine Quinone Hydrogen 
Silver ions ions 


c. Restrainer (Potassium Bromide). The 
restrainer limits the action of the reducing 
agents to the breaking up of the exposed sil- 
ver bromide crystals only, without attacking 
the unexposed crystals in the emulsion dur- 
ing normal development. If the restrainer is 
omitted, the reducers are hyperactive and 
would break down the unexposed crystals 
producing an undesirable fog on the film. If 
the film is left in the developer too long, the 
reducers will override the restrainer and 
chemical fog will result. Also, the bromine, 
released from the crystal into the solution 
during reduction, will gradually restrain the 
action of the reducing agents to a point 
where they are no longer functioning effec- 
tively. Therefore, when a replenisher solu- 


tion is mixed, it should not contain the re- 
strainer. 

d. Preservative (Sodium Sulfite). The pre- 
servative retards the activity of the reduc- 
ing agents to within controlled limits so that 
the “life” of the developing solution is main- 
tained over a reasonable period of time. 
Since the reducing agents react quickly with 
oxygen, this reaction must be controlled or 
the developing solution will not last very 
long. The chemical, sodium sulfite, is used as 
a preservative since it retards oxidation of 
the reducing agents and prevents the forma- 
tion of stain on the film. 

e. Solvent (Water). Chemical reactions 
that occur in development require that all 
chemicals be dissolved in water. Besides act- 
ing as a solvent for the chemicals and as a 
means for their ionization, water aids in sof- 
tening the gelatin emulsion. 


7-27. Automatic Developer Solution. Due to 
the increased speed and temperatures used 
for automatic processing, the chemicals used 
in the manual developer are not adequate. 
Therefore, although the functions of the 
chemicals are basically the same, some of the 
chemicals used are different. The automatic 
developer consists of five chemicals: activa- 
tor, reducers, restrainer, preservative, and 
hardener. 

a. Activator (Sodium Carbonate). The ac- 
tivator is the same chemical with the same 
function as in manual developer. It swells 
and softens the emulsion so that the reduc- 
ing agents can enter and act upon the silver 
bromide crystal. It also provides the neces- 
sary alkaline medium for the solution. 
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Figure 7-22. Procedure for Loading Exposed X-ray Film in a Processing Hanger. 
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b. Reducers (Phenidone and Hydroqui- 
none). The reducers, in automatic as well as 
manual solutions, reduce the exposed silver 
bromide crystal to black metallic silver. The 
chemical elon, used in manual developer, is 
unpredictable above 75°F, and is replaced by 
Phenidone in automatic processors. 
Phenidone, which functions effectively at 
automatic temperatures, 80° to 100°F, builds 
up the gray tones of the image. Hydro- 
quinone however, is used in both manual and 
automatic developer. It brings out the black 
tones, thus giving the image contrast. 

ec. Restrainer (Potassium Bromide). The 
restrainer, also known as the starter solu- 
tion, is also present in both automatic and 
manual developer. Its function here, as in 
manual developer, is to restrain the action of 
the reducers on the unexposed silver bromide 
crystals. When new solutions are mixed, the 
restrainer 1s added only to the tank in the 
processor. Its level of activity is maintained 
by the bromine released during reduction of 
the silver bromide crystal. Therefore, the 
restrainer is not added to the replenisher 
solution. 

d. Preservative (Sodium Sulfite). The pre- 
servative is once again the same chemical 
with the same function as in the manual! de- 
veloper. It prevents rapid oxidation of the 
chemistry and prolongs its useful life. 

e. Hardener (Gluteraldehyde). Not found 
in the manual developer is the hardening 
agent, Gluteraldehyde. Its function is to con- 
trol the swelling of the emulsion, thereby 
reducing film transportation problems and 
preventing damage to the emulsion by the 
transport rollers. 

f. Solvent (Water). All chemicals are dis- 
solved in water which acts as the solvent and 
aids in softening the emulsion. 


7-28. Fixer Solution. Although the fixer solu- 
tion for automatic processing Is more con- 
centrated than that used for manual proc- 
essing, the chemical ingredients are basical- 
ly the same. Included in the fixer are four 
chemical agents: acidifier, clearing agent, 
hardener, and preservative. All of the chenn- 


cals are mixed with water which acts as the. 


solvent. 
a. Acidifier (Acetie Acid). The 
neutralizes anv aikaline developer that may 
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b. Clearing Agent (Sodium Thiosulfate or 
Ammonium Thiosulfate). The clearing agent 
dissolves the residual unexposed silver 
bromide crystals in the emulsion without 
damage to the silver image. If the film is not 
properly cleared, the remaining unexposed 
silver bromide crystals will darken on expo- 
sure to light and obscure the radiographic 
image. The usual chemical for this purpose is 
sodium thiosulfate or ammonium thiosulfate 
—commonly known as “hypo.” The former 
provides a satisfactory concentration in 
most formulae to meet normal radiographic 
needs; the latter reacts more completely with 
the silver bromide, and its comparable con- 
centration is approximately two-thirds that 
needed when sodium thiosulfate is used as a 
clearing agent. The clearing action involves 
a chemical reaction between the sodium or 
ammonium thiosulfate and silver bromide in 
the emulsion wherein silver thiosulfate is 
formed and remains in solution. 

c. Hardener (Potassium Alum, Chrome 
Alum or Aluminum Chloride). The hardening 
agent decreases the possibility of physical 
injury to the gelatin emulsion. A swollen 
emulsion is easily scratched or distorted dur- 
ing the washing and drying processes. The 
hardener restrains swelling of the gelatin 
and hardens it so that it can withstand the 
normal effects of processing. 

d. Preservative (Sodium Sulfite). The pre- 
servative prevents decomposition of the 
clearing agent by the acid with a resultant 
precipitation of sulfur at normal tempera- 
tures. It assists in clearing the film and pre- 
vents the residual developer carried over in 
the film from oxidizing and discoloring the 
fixing bath. 


SECTION E—MANUAL FILM PROCESS- 
ING 


7-29. Introduction. One of the important op- 
erations in radiography is the processing 
procedure that brings about the physical 
and chemical changes to render visible as a 
radiographic image, the latent image cre- 
ated by the X-rays. This procedure requires 
the assistance of photographic chemistry. 
This section describes the application of 
that chemistry using manual processing 
tecbmiques, 


7-30. Mixing Sototions. Processing chemicals 


are colupGunded according to precise formu- 
lae-—the correct amount of each chemical 1s 
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mixed together so that by merely adding 
water the correct solution is obtained. The 
technologist need only read the instructions 
on the package and mix the bulk chemicals 
accordingly. These instructions must be read 
and followed exactly so that a properly func- 
tioning solution is obtained. Be sure to read 
the label on the chemical containers. The 
first step in the processing procedure is the 
proper preparation of the processing solu- 
tion. When mixing the chemicals to be made 
into solutions, the manufacturer’s directions 
found on the label of the container should 
always be carefully followed. There are, 
however, some general recommendations for 
making up solutions. 

a. Importance of Cleanliness. Processing 
of radiographs involves chemical reactions 
of the various processing solutions on the X- 
ray film, the success of the reaction depend- 
ing upon the purity of the solutions. 
Cleanliness and care in the preparation and 
use of the solutions is of paramount impor- 
tance. The processing room, as well as the 
accessories and equipment, must be kept 
scrupulously clean and used only for the 
purposes intended. Spilled solutions should 
be wiped up at once; otherwise, upon evapo- 
ration, the chemicals may settle on film or 
screen surfaces which may result in arti- 
facts on the radiographs. When mixing dry 
chemicals, turn off electric fans, for chemi- 
cals may be blown about the processing 
room and contaminate the loading bench, 
screens, or other equipment. Hands that are 
wet with chemicals should never be used for 
handling films, screens, or other allied acces- 
sories. 

b. Water. Since water is the solvent for all 
processing solutions, some care should be 
exercised in choosing its source. Most city 
water supplies are suitable but they should 
be checked for high concentrations of var- 
ious salts before use. In general, any potable 
water is usually satisfactory. 

(1) Pure Water. Distilled water, since it 
does not contain dissolved chemicals, is pure 
and ideal for mixing purposes. Rainwater 
and water melted from clean ice or snow are 
good substitutes. 

(2) Water Impurities. The chief kinds of 
impurities found in water usually comprise 
the following: 

(a) Suspended material consisting of 
decayed animal or vegetable matter, mud, 
rust, and sulfur. Filtration will remove the 
majority of these substances. 

(b) Chemicals found freely in nature 
that have been dissolved by water. These 
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chemicals cause hardness of the water and 
are composed of calcium and magnesium 
salts in the form of bicarbonates, chlorides, 
and sulfates. These salts are not injurious to 
the image but may produce a scum on the 
surfaces of the film that reduces its trans- 
parency. It must and can be removed before 
drying by squeegeeing the faces of the radi- 
ograph with cotton or a_ photographic 
sponge. The hardness of the water may be 
eliminated by circulating the water through 
a water softener. 

(c) Coloring matter of vegetable or 
animal origin, usually yellow or brown. Such 
water may stain the film and should be avoid- 
ed. 

(d) Various gases dissolved in water. 
These gases may be carbon dioxide or hydro- 
gen sulfide. The latter is particularly objec- 
tionable because it reacts with the silver 
image and ultimately discolors it. These 
waters should be avoided. 

c. Mixing Temperature. The temperature 
of the water in which the chemicals are to be 
dissolved should never exceed that shown on 
the label of the package. 

d. Mixing Utensils. The containers for 
mixing chemicals should be of corrosion-re- 
sistant materials, such as Types 316 and 317 
stainless steel. Vessels containing tin, cop- 
per, zinc, aluminum, or galvanized iron 
should never be used because small quanti- 
ties of these metals in the solution will fog 
film during the development period. Separate 
stainless steel, hard rubber, or plastic mix- 
ing paddles should be used for the developer 
and the fixer, after which they should be 
washed with clear, warm water and hung up 
to dry. 

e. Volume of Solutions. To insure the pro- 
per concentration of solutions, the volume in 
gallons of the tank used should always be 
mathematically computed. Processing tanks 
should always be thoroughly cleaned before 
fresh solutions are placed in them. 

f. Mixing Procedure. Water should always 
be poured into the tank and the chemicals 
added slowly while the mixture is stirred 
vigorously, permitting the chemicals to go 
into solution quickly. Sufficient cold water 
should be added to bring the solution to the 
correct volume and temperature; thorough 
stirring is necessary to mix the cool water 
with the chemically laden solution. Solutions 
should not be used until all the chemicals are 
thoroughly mixed and at the optimum tem- 
perature of 68°F. 

g. Solution Storage. If the solution is not 
for immediate use, it should be placed in a 


clean bottle of the proper size, well stop- 
pered and labeled plainly. Developer should 
be stored in brown bottles, away from radia- 
tors, for heat may cause deterioration of the 
solution. 

h. Mixing With Seawater. While not rec- 
ommended as a routine procedure, seawater 
can be utilized in the same quantities as 
fresh water, to compound X-ray developers 
and fixing baths. The resulting solutions are 
turbid but will clear on standing. It is best to 
allow the solutions to stand overnight and to 
decant the clear fluid for use. If turbid solu- 
tions are utilized, it 1s essential that the sur- 
faces of the films be carefully wiped off with 
a soft wet cloth or photographic cellulose 
sponge after washing and before drying, in 
order to remove any deposit. 


7-31. Tank Method of Processing. The tank 
method of processing is efficient and conven- 
lent. Its most important advantage is that it 
provides facilities for maintaining constant 
temperature and for preserving the solu- 
tions. Tanks containing the processing solu- 
tions are located in a master tank containing 
water at the prescribed temperature; suffi- 
cient space is provided for film rinsing and 
washing. Water should be circulated in the 
master tank at a temperature that should be 
controlled by. a mixing valve (if available) 
situated in the hot and cold water supply in 
permanent installations. If the volume of 
radiographic work justifies it, a separate 
tank for washing purposes only should be 
provided. 


7-32. Development Process. After an exposed 
X-ray film is placed in the developer, the gel- 
atin in the emulsion becomes swollen and 
porous due to the presence of water and the 
activity of the alkali in the developer solu- 
tion. The exposed silver bromide crystals 
then become 1onized and the reducing agents 
can attack them. The X-ray exposure causes 
the sensitization specks to acquire atomic 
(photolytic) silver when the crystal is broken 
down by the developer. As development pro- 
presses, more metallic silver accumulates on 
the specks until the silver ions from the dis- 
integrating silver bromide crystals are OX- 
hausted. The bromine tons are freed from the 
emulsion and react with the pe tasstam hons 
from other chemicals in the develonoer solu- 
tion to form potassium brenide. Upon com- 
pletion of devels Men, the e NPIS oe silver 
bromide crystals are reduced to black metal- 
he silver that ae The 


constitutes the 
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unexposed and undeveloped silver bromide 
crystals remain unaffected but are removed 
by a later treatment—fixation. 


7-33. Development Replenisher System: 

a. General. The replenisher system is an 
efficient method of development. In the re- 
plenisher system a solution of greater activ- 
ity 1s used, and the developing time can be 
kept constant. The appropriate replenisher 
for its companion developer should always 
be used. A developer of one manufacture and 
replenisher of another should not be used 
since the compounding formula may not be 
appropriate. 

b. Operation. With the replenisher system, 
film should be removed from the developer 
quickly, and the excess solution should not 
be drained back into the developing tank but 
to the waste outlet. Normally, this procedure 
will remove about the proper amount of solu- 
tion for efficient use of the replenisher sys- 
tem. Approximately 1 gallon of replenisher 
should be added for every 40, 14 X 17 inch 
film, or its equivalent. If sufficient solution 
has not been drained to the waste by the 
films, it may be necessary to dip a measured 
quantity of developer from the tank and add 
a comparable amount of replenisher to main- 
tain normal developing activity. However, 
by the frequent addition of small quantities 
of replenisher solution, the proper level of 
the developer and the activity of the solution 
can easily be maintained. This procedure re- 
lieves the technologist of computing the ac- 
tual quantities needed for replacement, but a 
record of the volume of replenisher used 
must be maintained. (NOTE: Never add re- 
plenisher solution to the developer while 
films are developing. Streaks of high density 
will be produced.) A rough estimate of the 
number of films that can be developed in a 
properly replenished developer has been de- 
termined to be 125 14 X 17 inch films per gal- 
lon of solution or 625 per 5 gallons of solu- 
tion. It is not practical to replenish indefi- 
nitely—the solution should be discarded 
when the volume of replenisher used equals 
three or four times the original quantity of 
developer. By reading carefully the manu- 
facturer’s instructions for replenishment on 
the label of the container, the correct 
amount of replenisher can be determined. It 
is also recommended that the solution be dis- 

carded at the end of a 3-month period be- 
enuse oxidation of the reducing agents re- 
sults in adeciine of developer efficiency. This 
procedure is necessary even though the total 
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amount of replenisher has not been used dur- 
ing this period. 


7-34. Rinsing Process. When the film is re- 
moved from the developer, the gelatin emul- 
sion is swollen and, like a sponge, saturated 
with all the soluble chemicals of the develo- 
per solution. Also, the gelatin contains the 
black metallic silver image and unexposed, 
undeveloped silver bromide crystals. The 
bulk of the soluble developer chemicals 
should be removed from the film before it is 
placed in the fixing bath, and replaced by 
either fresh or acidified water. Such treat- 
ment is necessary to stop the reaction of 
development, to neutralize the alkalinity of 
the residual developer, and to remove the 
oxidation products of development. There 
are two methods for removing these chemi- 
cals—rinsing the film in fresh water and 
rinsing in acidified water. 
a. Water Rinse Bath: 

(1) General. After development, the film 
should be rinsed for 30 seconds in circulating 
fresh water to remove the soluble chemicals 
of the developer on the surface of the film 
and those in the pores of the emulsion. The 
emulsion on a 14 X 17 inch film holds at least 
3 ounces of developer. To stop development, 
the residual developer must be quickly dilu- 
ed with water. If films are insufficiently 
rinsed and repeatedly placed directly in the 
fixing bath, the chemical balance of the fixer 
is eventually disturbed and its useful life 
materially shortened. Poor rinsing practice 
causes the acidity of the fixer to be rapidly 
reduced, the hardening action to be de- 
stroyed, and stains may appear on the radi- 
ograph. Still water should not ordinarily be 
used for rinsing. An accumulation of devel- 
oping solution in the rinse bath eventually 
oxidizes and, when carried over to the fixing 
solution, streaks and stains are produced on 
the radiographs because the fixing solution 
has been contaminated. 

(2) Operation. With the replenisher sys- 
tem of development, after the films are 
drained of excess solution, they are im- 
mersed in circulating water for 30 seconds. 
On removal from the rinse bath, they are 
drained and placed in the fixing solution. 

b. Acid Rinse Bath: 

(1) General. Acid rinse baths prolong 
the life of the fixer and insure maintenance 
of the hardening action. An acid rinse bath 
eliminates the need for running water as 
required by a water rinse bath. The most 
efficient rinse rinse (stop) bath is one con- 
sisting of a dilute solution of acetic acid in 
water made according to the following proce- 
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dure: Add 2 1/2 quarts of 28 percent acetic 
acid to 1 gallon of water. Stir thoroughly. 
Add sufficient water to make 5 gallons of so- 
lution. This bath can be made in a 5-gallon 
tank and placed between the developer and 
fixer solution tanks. The bath immediately 
stops development of the emulsion and neu- 
tralizes the alkali in the developer contained 
in the emulsion. 

(2) Operation. Radiographs should be 
rinsed in the acid rinse bath for 30 seconds, 
but they may be left in the bath for as long as 
1 1/2 minutes. Do not overwork the acid rinse 
bath. When the acidity of the solution is re- 
duced, it will accentuate rather than prevent 
stains or streaks. The acid rinse bath will 
operate satisfactorily within the normal 
range of processing temperatures when the 
rapid X-ray developer is used. During its 
useful life, the acid rinse bath will rinse 
about 200 14 X 17 inch films or their equiva- 
lent per 5 gallons of solution. 


7-35. Fixing Process. When the film is placed 
in the fixing solution, it is milky in appear- 
ance because of the residual silver bromide 
crystals but, as it is moderately agitated 
until both film surfaces are completely 
bathed by the solution, this milkiness grad- 
ually disappears. The action of the acidifier 
immediately neutralizes the residual alka- 
line developer and any continuing develop- 
ment action ceases. Since the gelatin is still 
swollen and porous, the clearing agent dis- 
solves out the unexposed and undeveloped 
silver bromide crystals, leaving untouched 
the developed silver image. This is the clear- 
ing action. As clearing abates, the hardening 
action begins, resulting in shrinking and 
hardening of the gelatin emulsion containing 
the silver image. This hardening action is 
most important, since it prevents swelling of 
the emulsion to any marked degree in the 
later washing operation. It is advisable not 
to turn on the white light in the processing 
room until the film is entirely clear, other- 
wise it will become streaked and fogged. The 
duration of fixation is dependent upon sever- 
al factors, such as the strength and nature 
of the fixer; the temperature of the solution; 
the amount of film agitation; the volume of 
fixing solution as related to the number or 
surface area of the films being fixed; and the 
emulsion thickness. The total fixing time is 
that needed to clear and harden the film. For 
best results, the film should remain in the 
fixing bath at least three times the time nec- 
essary to clear the film. Although radi- 
ographs may be safely left in the fixer for a 
slightly longer period, it is not wise to do so, - 
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for it will later take longer to wash them free 
of residual silver and fixing bath salts. The 
hardness of the emulsion in a given fixing 
solution decreases with its exhaustion, and 
the intial fixing time must be extended as the 
solution is used to maintain normal harden- 
ing. Also, the higher the temperature the 
greater the speed of fixation. However, in 
fixer solutions, the optimum range of temper- 
atures should be 60° to 75°F. With higher 
temperatures, a fixing solution tends to sul- 
furize thereby shortening its life. It must, 
therefore, be specially treated when high 
temperatures prevail. 

a. Single-Tank Fixing Solution. Most 
processing tank systems only provide for a 
single tank of fixing solution. The use of a 
single bath is not the most efficient nor eco- 
nomical method for fixing purposes. The 
gradual accumulation of silver salts in the 
bath makes longer washing times necessary 
because of difficulty in replacing these salts 
with pure water. 

(1) Exhaustion. Normally, the useful- 
ness of a single tank fixer ends when the bath 
loses its acidity or when more than twice the 
normal time is required to remove the unex- 
posed silver salts from the film. The bath 
should then be discarded, especially when it 
becomes turbid. An exhausted fixing bath 
permits abnormal swelling of the emulsion 
due to deficient hardening action. Conse- 
quently, drying is prolonged, and reticula- 
tion or sloughing of the emulsion may take 
place. Also, neutralization of acid in the 
bath invariably causes certain types of 
stains on the radiograph. A good rule to fol- 
low is to change the fixing bath when fresh 
developer is made. When exceptionally high 
temperatures prevail, the fixing bath should 
be changed twice during the life of the devel- 
oper. This assures maximum hardening of 
the emulsion and freedom from hot weather 
troubles. 

(2) Replacement. When the volume of 
the fixing solution is the same as that of the 
developing solution, the fixing solution 
should be changed twice during the life of the 
developer to insure satisfactory clearing 
and hardening of the emulsion. Table 7-1 is a 
guide for determining the clearing time, fix- 
ing time, and exhaustion point. The most 
efficient procedure when using a single-tank 
fixer is to use double the volume emploved for 
the developer solution. If a 5-gallon solutien 
of developer is used, then 10 gallons of fixing 
solution should be employed. When the devel- 
oper solution is changed, the fixer solution 
should also be changed. 
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Table 7-1. Life of Unreplenished Fixing So- 


lution. Temperature Range: 60°F 
to 75°F. 


Yunuber Cbetrine 


1} XN 17 inch time 


films fixed (min. 
Q- 50 


S]-100 





LQ) -] 58 


b. Replenishment of Single-Tank Fixing 
Solution. A fixing solution gradually loses 
its acidity because of the carryover of the 
alkaline developer by the film. It also be 
comes diluted by water carried over from the 
rinse bath. As a consequence, its hardening 
properties and fixing rate are gradually 
affected. The exhaustion of the thiosulfate 
reduces its ability to dissolve silver salts. 
The loss in function of the fixing solution, 
however, can in some measure be restored by 
replenishment. 

(1) Advantages of Replenishment: © 

(a) Fixation time may be kept to a 
minimum. 

(b) In the first half of the life of the 
solution, the clearing and fixing time may be 
kept relatively constant; in the latter half, 
the fixing time is slowly increased to its ex- 
haustion limit. 

(2) Method of Replenishment. In replen- 
ishing a 5-gallon tank of fixing solution, 2 
quarts of solution are removed and discard- 
ed. A volume of 2 quarts of fixer replenisher 
solution is then added to the original bath. 
This solution is made by mixing sufficient 
chemical, normally used for 1 gallon of fixing 
solution, in 2 1/2 quarts of water instead of 1 
gallon. This solution therefore becomes 
highly concentrated. If desired, sufficient 
chemical to normally make 5 gallons of solu- 
tion is dissolved in 12 1/2 quarts of water 
and can be stored in bottles for future use. 
The rate of replenishment is illustrated in 
table 7-2. 

ce. Two-Tank Fixing Solution: 

(1) General. One of the quickest and 
most economical ways to remove silver salts 
from radiographs is the use of a two-tank 
fixing bath. This bath consists of two tanks 
of equal volume of fixing solution. The num- 
ber 1 tank is reserved for clearing the film 
and the number 2 tank for hardening of the 
emulsion. Radiographs are taken from the 
rinse bath and placed in the first tank where 
most of the silver salts are removed. When 
the film is cleared, it 1s removed to a second 
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Table 7-2. Replenishment of X-ray Fixing Solution. 











Number 14 X 
17 inch films Clearing 
fixed per time 


S gals. (min. ) 
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1 1/2-2 3/4 















51-100 1 3/4-3 
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201-225 2 1/2-3 3/4 












226-250 -4 





*Replenisher is made by dissolving sufficient chemicals normally 


























Replenishment 








Remove 2 qts. old solution; 
replace with 2 qts. replenisher.* 





Remove 2 qts. 
replace with 


old solution; 
2 qts. replenisher.* 








Remove 2 qts. old solution; 
replace with 2 qts. replenisher.* 







Remove 2 ats. old solution; 
replace with 2 qts. replenisher.* 





Remove 2 qts. old solution; 
replace with 2 qts. replenisher.* 


Discard fixer solution; make 
new solution 





used to make 1 gallon fixing bath in 5 pints of water; or, chemical 
for 5 gallons in 12 1/2 quarts of water. 


CAUTION: 
used only as a replenisher. 


bath where the emulsion is hardened. Be- 
cause of this procedure, the second bath has 
a very low concentration of salts and the 
diffusion of the remainder of these salts from 
the radiograph is exceedingly rapid. Since 
very few silver salts are carried over to the 
washing tank, the washing time can be mate- 
rially reduced. 

(2) Replacement. When 180 14 X 17 inch 


films or their equivalent have passed — 


through the number 1 tank, discard the solu- 
tion and move the number 2 tank to the num- 
ber 1 tank’s original position. Make new so- 
lution in the number 1 tank, that now be- 
comes the number 2 tank. The original num- 
ber 2 tank has hardened the equivalent of 
180 14 X 17 inch films and then when used as 
the number 1 tank can be used for another 
180 14 X 17 inch films or equivalent for clear- 
ing purposes. Once the routine has been es- 
tablished, this system of rotation between 
tanks will assure the production of well-fixed 
films indefinitely. 


7-36. Washing Process: 
a. Purpose of Washing Process. Proper 
washing insures the permanence of radi- 


This is a concentrated solution of fixing bath to be 





ographs as records. Washing of radiographs 
must be regarded as a chemical operation, 
the object being to remove residual process- 
ing chemicals and silver salts from the film. 
If these are not removed, the image will dis- 
color or fade, eventually stain (brown stain 
of silver sulfide), and the entire film may de- 
teriorate. This is especially so when the radi- 
ographs are stored under conditions of high 
temperature and humidity. As the fixing so- 
lution nears the exhaustion point, the con- 
centration of silver salts becomes so high 
that the washing process should be most 
thorough at this time. 
b. Water Sources: 

(1) Need for Adequate Water Supply. 
Any potable water is satisfactory for film 
processing. Normally, X-ray films should be 
washed in running water so circulated that 
the entire emulsion area and every portion 
of the wash tank receives frequent changes. 
In tank processing, the bar of the hanger 
and the top clips should always be complete- 
ly covered by the water. When there is an 
inadequacy of fresh water, radiographs may 
be safely washed in seawater. There is also a 
special procedure which can be used when 
water is scarce, which will ensure the proc- 
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essed radiograph’s required longevity and 
permanence for record purposes. 

(2) Filtration. The bulk of microscopic 
plant and animal matter, sometimes con- 
tained in tap water or other water sources, 
should be removed by filtration. Several 
thicknesses of gauze placed over the outlet 
of the water supply will provide some meas- 
ure of filtration if none other is available. 
The gauze filter must be cleaned or changed 
daily. 

ce. Washing Time. The time required for 
adequate washing depends principally upon 
the type of film, the rate of water flow 
through the tank, and the temperature of the 
water. If circumstances demand, a shorter 
washing time may be used; as long as the film 
is not subject to high heat and humidity con- 
ditions, it may be thoroughly washed later 
provided it is done within 3 to 6 months. 
Generally, if a radiograph is to remain in a 
temperate zone, less washing is necessary 
than for those in a tropical or subtropical 
region. However, every effort should be made 
to wash the film properly during its initial 
processing, since it is unlikely that at this 
time the area of ultimate storage can be de- 
termined. 

(1) Washing in Single Tank. If the hour- 
ly flow of water through a single tank is 4 
times the capacity of the tank, 30 to 40 min- 
utes is required for washing X-ray filmif the 
temperature of the water is about 70°F. 
When the flow is 8 times the capacity per 
hour, the washing time is 25 to 30 minutes. 
Shorter intervals should not be used no mat- 
ter how frequently the water in the tank is 
changed. If the flow of water through the 
tank is very slow, the films should remain in 
the water even longer than the above speci- 
fied periods. The washing time should be 
measured from the immersion of the last film 
in the wash water, since washed and partly 
washed films absorb fixing bath chemicals 
from water contaminated by fixing solution 
previously carried over, as well as release 
them in fresh water. 

(2)Washing in Two-Compartment Tank. 
When inadequate, the total volume of water 
may be divided into several small units. In 
the two-stage cascade system of washing, 
the flow of water is from right to left, while 
the flow of films in normal processing is from 
left to right. The film laden with fixing bath 
is placed in the first compartment of the tank 
and is batned with a very dilute solution of 
water containing fixing bath salts left over 
from previous washines. Aficr remaining in 
the first compartment the required length of 
time, soproximately 5 minutes, the radi- 
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ograph is then placed in the second compart- 
ment where it is bathed with uncontaminated 
fresh water for an additional 5 minutes—a 
total of 10 minutes washing time. At no time 
should a film fresh from the fixing solution be 
placed in the second compartment. 

d. Temperature of Wash Water. The tem- 
perature of the wash water is important. 
Wash water within the temperature range of 
68° to 70°F is about 40 percent more efficient 
than at 40°F. Water with a temperature of 
75°F and higher has a tendency to soften the 
gelatin emulsion to the point where it may be 
damaged or it may actually slough away 
from the film base. Washing should, there- 
fore, take place in a minimum of time and in 
the 68° to 70°F range. Washing under high 
temperature conditions is not reeommended 
unless the films have been specially treated 
to insure adequate hardness of the emulsion. 
In general, the temperature of the wash wa- 
ter should approximate the temperature of 
the other processing solutions. 

e. Use of Seawater. If the films are washed 
in seawater, they should receive an addition- 
al final washing in fresh water for 5 minutes. 
This step is extremely important to prevent 
the rapid fading of the image caused by re- 
sidual salts in seawater and to prevent the 
absorption of moisture by hygroscopic salts 
absorbed by the emulsion. The chemicals of 
the processing solutions are removed from 
the film more rapidly with seawater than 
with fresh water; consequently, the washing 
time with seawater may be one-half of the 
usual time. Washing in seawater may be car- 
ried out at lower temperatures than when 
fresh water is used. Temperatures of 50°F or 
lower are feasible. When processing solu- 
tions have been mixed with seawater, it is 
advisable to wipe the surfaces of the radi- 
ographs with a soft, wet cloth after washing 
to remove any chemical deposits. 


7-37. Drying Process. The success of any 
drying operation lies in the rapid removal of 
water from the emulsion. The most common 
procedure is the use of a rapid flow of air 
(with or without the aid of heat) over the 
edges of the film surfaces. Because it often 
takes more time than all the other opera- 
tions together, the drying operation fre- 
quently is a “bottleneck” to the rapid flow of 
radiographs through the processing room. 
The radiographs being wet and vulnerable to 
damage, should not be removed from their 
hangers. If not handled carefully, dust may 
become embedded in the emulsion, or the film 
may become scratched and abraded. 
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a. Drying Aids. Certain aids can be safely 
used to accelerate the rate of drying. 

(1) Prevention of Emulsion Swelling. 
The speed with which X-ray film dries is de- 
pendent upon the quantity of water to be 
evaporated from the emulsion. This speed is 
proportional to the combined thicknesses of 
the qmulsions. It is, therefore, necessary to 
prevent excessive emulsion swelling. The use 
of a good fixing bath will keep swelling to a 
minimum by shrinking and hardening the 
emulsion. The emulsion should be hardened 
before excessive swelling can take place. 
Hardening of a swollen emulsion raises its 
melting point but does not necessarily re- 
duce its thickness. Consequently, develop- 
ment and fixation solutions should be within 
the optimum temperature range. These pre- 
cautions should especially be observed when 
processing is done in hot, humid climates 
where drying always tends to be prolonged. 
Also, washing of the film should be adequate 
but not prolonged. When processing temper- 
atures are over 75°F, special treatment 
keeps the emulsion hard, provided short 
washing times are used. 

(2) Wetting Agent. A wetting agent is a 
detergent that reduces the surface tension of 
water so that the water can drain more rap- 
idly from the radiograph after washing, 
shortening the drying time and eliminating 
drying marks. There are a number of wetting 
agents (labeled under various trade names) 
safe for photographic purposes. A separate 
5-gallon tank of dilute wetting agent in wa- 
ter to be used as a final rinse after washing 
is prepared by adding 2 1/2 ounces of the de- 
tergent to 5 gallons of water. After washing, 
the radiograph is immersed in this solution 
for 30 seconds and then drained. The radi- 
ograph may then be placed in the dryer. 
When 400 14 X 17 inch films or their equiva- 
lent have passed through the solution, it 
should be replaced with a fresh one. 

(3) Alcohol. The use of alcohol for 
drying is recommended only where some 
emergency requires the use of a dried radi- 
ograph in a minimum of time after process- 
ing. Any good grade of denatured alcohol may 
be used for drying films, provided that when 
diluted with water it does not turn milky. 
The alcohol concentration should be not 

greater than 70 percent by volume if opal- 
escence of the emulsion or deformation of 
the base is to be avoided. After washing, the 
radiograph is thoroughly drained. Then, the 
m is immersed in a tray of alcohol for 2 
minutes at temperatures under 70°F. The 
tray should be rocked to assure uniform 
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bathing of both film surfaces and prevent 
the film from sticking to the bottom of the 
tray. This operation causes the water to 
diffuse from the pores of the emulsion and be 
replaced by the alcohol. With the bulk of the 
water removed, the film is then immersed in a 
second and final tray of alcohol to remove 
any residual water. The film is then drained. 
The alcohol will rapidly evaporate to leave a 
dry emulsion. 

(4) Dryers. X-ray departments are 
usually provided with cabinet dryers 
equipped with a fan and heating elements. 
The dryer should always be vented to the 
outside of the processing room to prevent 
excessive humidity. Drawers are provided in 
which the films are hung in their hangers. 
Ordinarily, radiographs should be dried with 
air moderately warmed. Heat should be used 
cautiously when drying films in not, humid 
weather because the water-laden gelatin 
emulsion may soften and ruin the radi- 
ographic image. Under these conditions, it is 
safest to use only the dryer fan. Overheating 
of the dryer should be avoided because very 
rapid drying is apt to cause distortion of the 
radiograph. 

(5) Drying Rack. When a small number 
of films are to be dried each day and a cabi- 
net dryer is not available, film hangers may 
be inserted in a wall drying rack. The rack is 
simply a board in which holes have been 
drilled, into which one end of the hanger 
crossbar can be inserted while the film is 
drying. 

b. Drying Time. The time required to dry a 
radiograph is dependent upon the efficiency 
of the hardener in the fixing soluton; the 
amount of water retained in the gelatin 
emulsion after washing; the velocity and 
temperature of the drying air; the humidity; 
and the use of a wetting agent. Water absorp- 
tion is reduced to a minimum by the use of a 
reasonably fresh fixing solution that will 
assure proper hardening of the emulsion. 
The humidity should ideally be below 50 per- 
cent and the temperature under 90°F. When 
films are dried in cabinet dryers, the heat 
should be adjusted so that drying takes place 
in 10 to 20 minutes. High-temperature 
drying is to be avoided for the film may be- 
come brittle. The use of infrared lamps for 
drying is not recommended, for they cause 
unequal drying of the film surfaces. 

ce. Preparing the Radiograph for Filing. 
After drying the radiograph, the sharp and/ 
or punctured corners caused by the hanger 
clips should be snipped with a corner cutter 
or scissors. This enhances the appearance of 
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the radiograph, precludes its scratching this is exercised, radiographic density as 
others with which it may come in contact, influenced by development may be considered 
and facilitates insertion into an envelope. aconstant. | 

After the corners are trimmed, the radi- ee : 

ograph should be placed in a heavy manila 7-39. Standardization of Processing Proce- 
envelope of proper size and all essential dures: ; ; 
identification data written legibly in the 2: Radiographic Uniformity. Uniform ra- 
space provided on the face of the envelope. diographic quality can only be achieved 
Given to the radiologist in this conditionfor through control and standardization of 


interpretation, it can be subsequently cor- | Processing procedures. X-ray film is manu- 
rectly filed. factured to produce a consistently uniform 


degree of density and contrast when correct- 

ly exposed and processed according to stand- 
SECTION F—FACTORS AFFECTING _ ard and accepted procedures. Familiarity 
FILM PROCESSING with the performance of a particular film is 

necessary for any measure of standardized 
7-38. Mechanics of Silver Deposition. With processing. Since the characteristics of den- 
the exposed emulsion considered as a whole sity and contrast provided by a particular 
rather than as its constituent silver bromide _film and its developer are inherent, they may 
crystals, the various stages of development be considered constant. The sequence of 
are illustrated in figure 7-23. Assume that an _—_ chemical activities in standardized process- 
aluminum step wedge is exposed using an X- _—s ing is smooth and organized, and produces a 
ray film as the recording medium. The filmis desired radiographic image only when stand- 
represented in enlarged cross section. Upon _ardized procedures are followed. 
exposure (A), a latent image of the object is b. Value of Standardized Processing Pro- 
produced in the silver bromide emulsion. The _— cedures. There are several ways in which a 
latent image is represented by the dotted _film may be developed, but the standard time- 
area and consists of representations of the temperature method is almost universally 
four portions of the wedge. The radiation — used. This method is virtually foolproof and 
reaching the film is of varying intensity af- provides an excellent means for checking X- 
ter its passage through the wedge, and the ray exposures. The manufacturer formu- 
relative absorption of each step of the wedge lates an X-ray developer to give the most 
is represented. Upon development, the latent desirable radiographic quality upon full 
image silver bromide is reduced to metallic development of the X-ray film within a limit- 
silver and the unexposed silver bromide is _— ed temperature range. Variations from the 
not affected. After the film has been treated optimum in temperature or developing time 
as in fixation (C), all the unexposed and unde- _— must be carefully compensated to maintain 
veloped silver bromide is dissolved fromthe _ proper quality. Once standardized process- 
emulsion, and the metallic silver remaining _ ing rules are established and followed, over- 
on the film constitutes the radiographic im- __ all changes in density and contrast can be 
age of the step wedge. When the radiograph _ attributed to exposure factors. Standardized 
(D) is later viewed on an X-ray illuminator, __ processing of the film then can become a con- 
all the various deposits of silver represent- stant as long as a reasonable measure of 
ing the steps of the wedge are seen in their discipline is exercised in the processing 
proper concentration and various degrees of | room. Photographic research has so stand- 
translucency. To obtain an optimumdensity, ardized processing procedures that opera- 
full development is required. In the preced- _ tions in connection therewith have virtually 
‘ing diagrammatic examples, the amount of been reduced to noting the solution tempera- 
silver deposited by development depended ture and setting an interval timer according 
upon exposure of the silver bromide crystals to a simple time-temperature chart. This 
to X-rays; the length of time of development; procedure, however, is based upon the accu- 
and the temperature of the developing solu- mulated knowledge of the many chemical and 
tion. As the time and/or temperature of the _—_ physical complexities relating to the expo- 
developer increased, the amount of silver sure and the development response of the 
deposited increased and vice versa. Since film. Despite the simplicity of a standard 
radiographic density as well as other film processing procedure, it will not work satis- 
characteristics is materially influenced by — factorily if solutions are improperly mixed, 
the time of development and the temperature = contain poor quality chemicals, or are not 
of the solution, adequate density control used in accordance with the maker’s instruc- 


oa 


may be obtained by stenduramvation, Once wens. 
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Figure 7-23. Stages of Exposure and Development of X-ray Film. 
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7-40. Developer Contrast. The type of develo- 
per solution used produces a degree of image 
contrast that is considered to be optimum by 
the manufacturer. Therefore, a developer 
contrast may be considered a constant when 
the solution is used according to the direc- 
tions outlined by its manufacturer. Full 
advantage of this constant is usually ob- 
tained when full development of the image 
takes place. 


7-41. Time-Temperature Processing: 

a. General. The chemical reactions in- 
volved in the processing procedure take 
place within a limited time and temperature 
range for optimum results. The effects of 
overexposure or underexposure may be easi- 
ly observed and the best in exposure tech- 
nique obtained. Although the latitude of the 
film will compensate in.a measure for some 
errors in exposure, good quality radiographs 
cannot be consistently secured if processing 
is not standardized. 

b. Radiographic Uniformity. Uniformity 
in radiographic densities and equal densities 
desired in comparative films are only ob- 
tained by the standard time-temperature 
method of development. With time-tempera- 
ture processing when the time and tempera- 
ture are optimum, films lacking density are 
the result of underexposure and not underde- 
velopment; and those having excessive densi- 
ty are the result of overexposure and not 
overdevelopment. Results vf this nature 
make possible suitable changes in the expo- 
sure factors so that good quality radi- 
ographs can be secured. 


7-42. Influence of Development Time: 

a. General. The time of development given 
to an exposed X-ray film materially affects 
the amount of silver deposited on the radi- 
ograph. As the time of development increas- 
es up to a certain point, the amount of silver 
deposit increases. In general, the time re- 
quired to develop a film in a given developer 
depends upon emulsion and its thickness. To 
assure accurate timing of all processing 
procedures, it is necessary to use a well func- 
tioning interval timer. Figure 7-24 illus- 
trates influence of development time on sil- 
ver deposits (density) at a given tempera- 
ture. A series of correctly exposed band radi- 
ographs was mace using identical X-ray 
exposure factors, Gut exch film was devel- 
oped for a #fevs:.t neriod of time at a tem- 
perature of G5 5. 
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(1) The radiograph developed for 1 min- 
ute shows only slight traces of silver deposit 
(A, figure 7-24). Image detail is lacking and 
the contrast is low. The streaked back- 
ground density is characteristic of the un- 
derdeveloped radiograph. 

(2) The radiograph developed for 2 mn- 
utes shows some of the important features of 
the image and a greater overall deposit of 
silver (B, figure 7-24). Image detail and con- 
trast are somewhat improved. 

(3) The radiograph developed for 3 min- 
utes shows more silver deposited, but the 
image is still somewhat weak (C, figure 7-24). 

(4) The radiograph developed for 4 min- 
utes shows a fairly well defined image (D, 
figure 7-24). 

(5) The radiograph developed for 5 min- 
utes shows all essential details for the maxi- 
mum practical amount of silver has been 
deposited on the film (E, figure 7-24). The 
exposure was such as to provide a satisfac- 
tory radiograph when developed for 5 min- 
utes. The amount of silver deposit with long- 
er development times is not sufficient to jus- 
tify extension of the development time be 


yond the basic 5-minute period. 


b. Relation of Time to Activity. Develop- 
ment time has a direct relation to the activi- 
ty of the developer. The reliability of the 
recommended norma! development intervals 
for an X-ray film is valid only as long as the 
solution has a reasonable measure of its 
original developing power. When using the 
replenisher system, the time should remain 
the same as long as the activity is restored 
by frequent additions of a replenisher solu- 
eae Basic Times of Development: 

(1) General. Development time intervals 
should never be guessed. There are two basic 
times of development for both types of devel- 
oping solution. One produces an image with 
normal speed and contrast, while the other 
provides maximum speed and contrast. 

(2) Exposure-Contrast Relationship. 
The first basic time development provides a 
short time that requires an addition of 25 
percent more X-ray exposure for compensa- 
tion; the second is a longer time but the X- 
ray exposure should be 25 percent less than 
the former. When employing rapid X-ray 
developer, to obtain normal speed and con- 
trast, the basic development time is 3 min- 
utes at 68°F; to obtain maximum speed and 
contrast, the time is 5 minutes at 68°F. The 
lorazer basic development period will always 
provide better radiographic quality than the 
shorter interval because full development is 
always secured. See table 7-3. 
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Figure 7-24. Influence of Development Time on Silver Deposits (Density) at a Given Tempera- 


ture. 


7-43. Influence of Developer Solution Temper- 
ature: 

a. General. Chemical reactions are stimu- 
lated or retarded with temperature. Since 
processing is essentially a series of chemical 
reactions, the temperature of the solutions 
assumes major importance. Variations in 
temperature require adjustment in the devel- 
opment time factor so that uniform densities 
may be maintained. Temperatures should 
never be estimated; a good thermometer is 
essential to determine the correct solution 
temperature. The temperature should al- 
ways be checked when development is first 
begun, and at intervals during the course of 
the day’s work. The optimum temperature as 
recommended by the American Standards 
Association has been adopted as 68°F. The 
influence of developer temperature on the 


density of the radiograph is shown in figures 
7-25 and 7-26. 

(1) Figure 7-25 is a series of radi- 
ographs of the hand showing the influence of 
temperature when times of exposure and 
development are constant. Each radiograph 
was developed for 5 minutes; A at 68°F; B at 
80°F; and C at 60°F. There is satisfactory 
gradation of densities and contrast of the 
image in radiograph A. In B, the presence of 
excessive density and fog produces unsatis- 
factory radiographic quality. C shows a 
weak image and lacks silver deposit (densi- 
ty), as well as low contrast within the image. 

(2) Figure 7-26 is a series of radi- 
ographs of the hand showing that tempera- 
ture differences require adjustment of the 
development time to secure comparable dens- 
ities. Radiograph B, developed for 5 minutes 


7-38 AFM 160-30/TM 8-280/NAVMED 


Table 7-3. Development Times for Replenish- 
er System at Various Tempera- 
tures. 


Rapid x-ray developer 


Basic development times at 68° F 


Temperature 
F 


min. 


min. 





at 68°F, exhibits normal density and con- 
trast. In radiograph A, developed for 2 min- 
utes at 80°F, the image is comparable to that 
in B, yet a slightly higher density is present 
because of the greater activity of the develo- 
per at this temperature and, as the solution 
ages, chemical fog accrues. Radiograph C, 
developed for 8 1/2 minutes at 60°F, has a 
density comparable to that in B. 





Figure 7-25. Influence of Temperature When 
Times of Exposure and Devel- 
opment Are Constant. 
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Figure 7-26. Temperature Differences Re- 
quire Adjustment of the Devel- 
opment Time To Secure Compa- 
rable Densities. 


b. Time Compensation for Temperature 
Changes. Processing solutions should be 
maintained at the optimum of 68°F, but some 
compensation can be made for temperature 
variations within limits by increasing or 
decreasing the time of development in ac- 
cordance with table 7-3. For the higher tem- 
peratures, shorter developing times are re- 
quired, while for lower temperatures, longer 
times are necessary to maintain uniform 
radiographic density. The ideal method is to 
use the time-temperature system that accur- 
ately compensates for temperature differ- 
ences with the correct time of development. 
X-ray film may be developed satisfactorily 
without special treatment at any tempera- 
ture between 60° and 75°F as long as the 
temperature differences are compensated by 
appropriate development times. The lower 
temperatures in this optimum range require 
longer development times and the higher 
temperatures, although permitting shorter 
development times, are closer to the zone 
where processing defects may begin to ap- 
pear on the radiograph. 

c. Low Temperatures. Temperatures be- 
low 60°F inhibit the activity of one of the 
reducing agents. If the technologist is not 
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certain of the temperature, the appearance 
of the film may lead him to believe that insuf- 
ficient exposure has been given. Hence, the 
exposure time is usually increased in a futile 
attempt to increase radiographic density, 
and a cycle of overexposure and underdevel- 
opment occurs resulting in poor radiograph- 
ic quality. If the solutions gradually warm 
up to a more normal temperature and the 
fact is not observed, the sequel is that no 
compensating reduction in exposure time is 
made. Overdevelopment of an overexposed 
film ensues and results in the deposit of ex- 
cessive densities on the radiograph. Know 
the correct temperature at all times so that 
optimum developing times and correct expo- 
sures can be used. 

d. High Temperatures. A developer at 
80°F requires less time to produce a satisfac- 
tory image, but the density of the image is 
liable to be excessive; and, as the solution 
ages, fog appears. Also, the emulsion may 
melt from the film base unless the solutions 
are specially treated. When development 
must take place with temperatures about 
75°F, the special processing procedure de- 
scribed in this chapter must be used. 


7-44. Factors Influencing Developer Activity: 
a. General. Developer begins to age as 
soon as it 1s mixed and is fresh only while the 
active chemicals are still in approximately 
the same concentration as when the solution 
was originally mixed. Each film developed 
not only removes solution by absorption and 
surface cohesion, but also weakens the de- 
veloper left in the tank. The developer solu- 
tion should never be used after 3 months, 
because a weakened solution will produce 
weak images and may also cause chemical 
stain or fog. During development, several 
chemical reactions take place which exhaust 
the solution (e below). The developing agents 
are destroyed by their action in reducing the 
exposed silver bromide crystals in the emul- 
sion to black metallic silver. The byproducts 
of these chemical reactions accumulate, and 
the bromide and the oxidation products, in 
particular, slow up the speed of develop- 
ment. Other factors that shorten the useful- 
ness of the developer are high temperatures, 
dilution with water, and contamination. 

b. Rate of Development. The rate of devel- 
opment is affected by the chemical activity 
of the developer. This activity is determined 
by the type and quantity of the ingredients 
used for the solution, the dilution of the solu- 
tion, the degree of its exhaustion, and the 
temperature. 
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ec. Composition. The composition of the 
developer is affected by the nature and con- 
centration of the reducing agents and the 
effective alkalinity of the solution. 

d. Dilution. The dilution of the solution is 
often influenced by a disregard of the manu- 
facturer’s instructions for mixing the devel- 
oper chemicals into a solution. Poor radi- 
ographic quality may result from using solu- 
tions that do not have the required strength 
and also because the processing tanks have 
a greater capacity than is supposed. Many 
so-called ‘5-gallon” tanks actually have a 
capacity of 6 or more gallons. Hence, al- 
though the time-temperature method of de- 
velopment is strictly adhered to, the radi- 
ographs obtain 20 to 25 percent less than 
normal development because of developer 
dilution. Always ascertain the exact capaci- 
ty of the tanks. The level of the solution 
should be 1 inch below the top rim of the 
tank. Measure the tanks to determine their 
exact volumes and use a sufficient quantity 
of processing chemicals to provide a correct- 
ly balanced volume of solution. Dilution of 
the developer also takes place when water is 
used to maintain the required level of the 
solution. If the developer is low, always re- 
store the correct level by adding fresh solu- 
tion. 

e. Exhaustion. The exhaustion of a devel- 
oping solution is affected by the rate of oxi- 
dation (aerial or by use), the number of films 
processed and their average density, con- 
taminating substances, and accumulation of 
byproducts of the development reactions and 
secondary changes in the developer of me- 
chanical or chemical origin, such as the for- 
mation of sludge or the accumulation of in- 
soluble matter. The manner in which exhaus- 
tion of the developer solution diminishes its 
activity is illustrated in the chemical reac- 
tion cited in paragraph 17-26b(2). This reac- 
tion shows that during development of the 
silver bromide emulsion the developing 
agent is oxidized; acid substances are re- 
leased in the form of hydrogen ions that tend 
to reduce the alkalinity of the solution, and 
of bromine ions that accumulate in the solu- 
tion to lessen its activity. All of these 
changes lower the activity of the developer. 
To maintain developer solution with good 
working properties, use the replenisher sys- 
tem. 

f. Need for Agitation of Solution. To as- 
sure uniform activity over the entire sur- 
faces of the X-ray film during processing, it 
is necessary after a period of inactivity to 
thoroughly stir the developer and fixer solu- 
tions, using separate paddles. Stirring is 
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particularly important with the developer. 
When the developer solution is not stirred in 
the tank, there is a tendency for the lower 
areas of the film to receive less development 
than the upper areas because the tempera- 
ture of the solution is usually less at the bot- 
tom of the tank than at the top. Also, the 
reaction products of development that tend 
to restrain development are heavy and settle 
to the bottom of the tank. The lower temper- 
ature and concentration of reaction prod- 
ucts cause unequal development of the film. 
Some agitation of the developer should be 
made by moving the hanger up and down 
several times during the development period 
because, as development takes place, reac- 
tion products diffuse out of the emulsion and 
flow downward over the film surface, affect- 
ing the development of film areas over which 
they pass. Some agitation of the film serves 
to disperse the reaction products throughout 
the solution as fast as they emerge from the 
emulsion and to prevent local development 
abnormalities. 

g. Solution Level. For efficient time-tem- 
perature processing, the level of the develo- 
per solution in the tank should be kept at a 
fairly constant point. Absorption and car- 
ryover to the rinse bath gradually reduce 
the level of the developer solution. When ra- 
diographs are removed from the developer, 
the amount of solution carried away by the 
film depletes the volume, and the surface lev- 
el drops below the top level of the films con- 
tained in the processing hangers. (At least 3 
ounces of solution, for example, is contained 
in the emulsion of a developed 14 X 17 inch 
film.) Before the level reaches this point, 
however, new solution must be added to 
maintain the original level. If solution is not 
added, the upper portion of the film is not 
developed. The addition of the developer also 
revives the solution to some extent. The vol- 
ume of solution lost should be restored by 
the frequent addition of fresh developer or 
replenisher depending upon the processing 
system used. Water should never be used to 
maintain the solution level, for dilution 
would occur and proper development would 
not take place. 


7-45. Secondary Characteristics of Developer 
Solution. Secondary characteristics of devel- 
oper solutions frequently cause difheulties 
that may be considered in two wavs: 
that affect the chemical balance aud carina- 
sition of the suiution, and vhe elects of tera 
conditions 67 the re Veer oh, 
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a. Effects on Solution. The effects on de- 

veloper solution are those that influence the 

activity, the formation of sludge and slime. 

(1) Low Activity. Low activity may be 
the result of incorrect mixing, an error in 
dilution, or low temperature. An unusual 
drop in activity may be attributed to addi- 
tion of water instead of fresh developer to 
raise the solution level, contamination from 
fixing solution or acid rinse bath, or inade- 
quate replenishment. The remedy is adher- 
ence to a correct processing routine. 

(2) High Activity. High activity is sel- 
dom encountered, but it may occur by reason 
of high temperature or the addition of more 
replenisher solution than is necessary. The 
remedy is to follow time-temperature proc- 
essing and a correct replenishment routine. 

(3) Crystallization of Chemicals. Crys- 
tallization of chemicals is caused by insuffi- 
cient dilution when mixing or storing the 
solution at low temperatures. Proper dilu- 
tion should be maintained when mixing the 
solution. If crystallization takes place be 
cause of low temperatures, the crystals may 
be redissolved by warming the solution to 
125°F. 

(4) Sludge. With use of the developer 
solution, sludge gradually accumulates at 
the bottom of the tank. This sludge may . 
consist of insoluble calcium and magnesium 
salts, originally obtained from the water 
source; metallic silver reduced and removed 
from the emulsion by the developer; gelatin; 
and dirt particles. The sludge does not inter- 
fere with development unless it is present in 
large volume. It may easily be siphoned from 
the bottom of the tank. 

(5) Slime. Some kinds of bacteria grow 
on the accumulated gelatin in the developing 
solution despite its high alkalinity. Evidence 
of this growth is in the form of slime on the 
walls of the tank. Sometimes the slime floats 
freely in the solution, and it then adheres to 
the surfaces of films being developed. The 
remedy is to thoroughly clean the tank be- 
fore making new solution. After scrubbing, 
use a solution of sodium hypochlorite, then 
rinse thoroughly. 

b. Effects on Radiographs: 

(1) Uneven Development. Evidence of 
uneven development may appear in the form 
of streaks. Probable causes may be the use 
of a very short developing time, insufficient 
agitation during development, incorrect 
hirh temperature processing procedures, use 
ef exhensted acid rinse and fixing solutions, 
or failure to agitate films when first im- 
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mersed in fixing bath. The remedy lies in the 
use of correct processing methods. 

(2) Chemical Fog and Stain. Chemical 
fog and stain are usually the result of using 
exhausted developer solution, contamination 
from the fixing bath, or dirty developing 
hangers. 

(3) Blisters and Reticulation. The for- 
mation of blisters and reticulated emulsion 
are usually the fault of improper high-tem- 


perature processing. Reticulation 1s largely | 


the result of transferring a film between so- 
lutions possessing wide temperature differ- 
ences. Physical distortion of the emulsion 
usually takes place under such treatment. 


7-46. Secondary Characteristics of Fixer So- 
- Jutions: 

a. Sludging. An excess of developer car- 
ried over into the fixer solution tends to pre- 
_cipitate some of the hardening agent. The 
result may be a white sludge in the solution, 
or a white scum on the films. This sludging 
may be prevented if films are thoroughly 
rinsed in flowing water between development 
and fixation. The films should then be ade- 
quately drained so that only a minimum of 
developer-contaminated rinse water is 
transferred to the fixer. 

b. Streakiness. Uneven density or streaki- 
ness in uniformly exposed areas may result 
if films are not rinsed before fixation and 
agitated during fixation. This is due to the 
fact that one or two minutes may elapse be- 
fore the alkali in the developer carried over 
by the films is neutralized by the acid in the 
fixer solution. During this time, development 
of the film may continue unevenly in the fixer 
solution, resulting in streaks. The impor- 
tance of adequate rinsing cannot be too 
strongly emphasized. 

c. Opalescence. Sometimes a film viewed 
immediately after fixation in a fresh solution 
appears opalescent. This however, is tran- 
sient, disappearing when the film is washed 
and dried. It is caused by the reaction of the 
gelatin of the emulsion to the high concen- 
tration of sodium thiosulfate in the fixer. 
This condition frequently occurs when the 
solution has been freshly mixed. 


SECTION G—AUTOMATIC FILM PROC- 
ESSING 


7-47. Introduction: 

a. The field of radiologic technology is 
continuing to become more automated and 
mechanized in order to keep up with the ever 
increasing workloads of the modern X-ray 
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clinic. With the number of radiographs pro- 
duced each day, a method of processing these 
films rapidly became a necessity. As a result, 
the automatic processor has evolved from 
manual processing. 

b. Automatic processing provides a means 
to process a quality film much faster. It is 
also much more compact and cleaner. The | 
time factor varies from machine to machine 
ranging from 9 minutes to 90 seconds; where- 
as manual processing would take approxi- 
ee 1 to 1 1/2 hours for a completely dried 

m. 


7-48. Basic Principles. Automatic processors 
are manufactured by several different com- 
panies, but the basic principle is the same in 
all. The discussion of the automatic proces- 
sor will be fairly general due to the variants 
of different manufacturers. (For more detail, 
see manufacturer’s booklet.) Automatic 
processing uses the same principles as man- 
ual processing with changes in solution 
strength and temperature, to allow a faster 
processing time. The operation of the auto- 
matic processor can be divided into five basic 
systems: the transport system, the circula- 
tion and filtration system, the replenishment 
system, the tempering system, and the dryer 
system. These basic systems are found in all 
processors and by learning how one particu- 
lar processor operates, there is little diffi- 
culty in adapting to other processors on the 
market. The systems will be discussed sepa- 
rately so that the role of each system in the 
processing cycle can be seen. 


7-49. Roller-Transport System. The roller- 
transport system is composed of a feed tray, 
a main drive, and a number of rollers called 
crossovers and racks. 

a. As the film is placed in the feed tray, 
two feed rollers draw the film into the ma- 
chine. A microswitch is usually utilized as a 
safety device to alert the technologist if 
more than one film is being placed into the 
machine. Also, the microswitch activates the 
replenisher system discussed later. 

b. The film moves circularly through a 
crossover and vertically down into the devel- 
oper by means of a series of rollers compos- 
ing the rack; around and vertically upward 
and around another crossover. Thus the film 
moves the same way throughout the rest of 
the chemicals. Finally it moves horizontally 
and/or vertically through the dryer. 

ce. The rollers of the crossovers and racks 
move by means of a main drive shaft run by 
a drive motor. Through a series of cog 
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wheels and gears, the energy is transferred 
to the rollers from this drive shaft. 

d. Discussionof the mechanics of the cross- 
overs and ranks will not be necessary due to 
the many different types. If a breakdown 
should occur, medical maintenance or the 
peers will repair the damaged arti- 
cles. 


7-50. Circulation—Filtration System: 

a. The roller-transport system squeezes 
the chemicals into and out of the film emul- 
sion giving an agitating action which causes 
even processing and increases the speed of 
reactions. Unfortunately the rollers don’t 
provide sufficient agitation. Therefore, a cir- 
culation and filter system is installed. 

b. A circulation pump recirculates the 
solutions through filters to keep the chemis- 
try properly mixed and agitated. The filters 
are used to filter out dirt and byproducts of 
development. 


7-51. Replenishment System: 

a. As each film passes through the auto- 
matic processor, the chemicals slightly 
change. To nullify this deficiency, new devel- 
oper and fixer in measured amounts are 
pumped into the solutions. This is called re- 
plenishment. 

b. There are two tanks, called replenisher 
tanks, which store fixer and developer. The 
tanks contain dust-covers and a floating lid 
in the developer to reduce oxidation. 

ce. When a film is initially fed into the pro- 
cessor, (see figure 7-27 for correct film feed- 
ing procedure) it activates the microswitch 
previously mentioned. This microswitch 
turns on the replenisher pumps and new so- 
lutions, in measured amounts, are pumped 
into the system. There are also a number of 
filters connected along the flow of the replen- 
isher solutions to filter out dirt. 

d. Replenishment should be checked week- 
ly and tanks refilled periodically. Care 
should be taken not to contaminate solu- 
tions. 


7-52. Tempering System: 

a. The chemistry of the automatic proces- 
sor is regulated and controlled by the tem- 
pering system. As in manual processing, 
there is a time/temperature relationship. 
(Example: Less developing time due to more 
active chemicals and higher temperature.) 
To get the desired temperature of the develo- 
per and fixer, a heating device is used with an 
automatic thermostat. Water is passed 
through this heating device so that it is 4°-a° 
below the desired developing temperature. 
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(Required temperature will differ from ma- 
chine to machine. Use the recommended 
manufacturer’s temperature depending on 
the type of chemicals and time needed for 
processing. Temperature will be much higher 
in faster machines.) Through heat exchange, 
the solutions are at a relative temperature 
to each other. There should not be a varia- 
tion of more than 2° 


SE 


FEEDING TRAY 


Figure 7-27. Procedure for Feeding Film in 
an Automatic Processor. 


b. The wash water temperature is con- 
trolled by a mixing valve which mixes the hot 
and cold water. A thermometer gauge is lo- 
cated between the mixing valve and the wash 
tank near the mixing valve. Usually a shut- 
off valve is located between the thermome- 
ter and mixing valve so that readjustment of 
the mixing valve is not necessary each time 
the water flow is shut off. 


7-53. Air-Dryer System. To dry the film there 
is a heater to heat the air and a blower to 
move the air. There must be a good exhaust 
system to remove the warm moist air so that 
only hot, dry air is directed over the films as 
they move through the roller-transport sys- 
tem. Also, there are holes at the ends and 
slits along the sides of the air tubes to direct 
the air onto the films. 


7-54. Chemistry: 

a. The chemical components are discussed 
in detail in paragraph 7-27, section D. The 
chemistry usually consists of a Part A anda 
Part B. The sequence for mixing each part 
with water, solution strength, and tempera- 
ture are found in the manufacturer’s direc- 
tions. 

b. Contamination of solutions is always a 
probiem. The solutions are separated by in- 
dividual stainiess steel containers similar to 
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those of manual processing. The movement 
of the film from one tank to another is ac- 
complished by means of crossovers which 
are discussed in another system. Mainte- 
mance of the tanks will require periodic 
cleaning to maintain the quality of process- 
ing required. 


7-55. Electrical System: 

a. In order to operate the processor, there 
must be an electrical system. A complete dis- 
cussion of this system will not be necessary 
due to the complex circuitry and wiring. 

b. The processor should have a circuit 
breaker as a safety device. Next, there is a 
sequence of switches and fuses for each sys- 
tem. Since the various systems are basically 
wired and controlled separately, a separate 
switch controls the main drive motor, air- 
dryer system, circulation, tempering, and 
replenisher systems. 


7-56. Operation and Maintenance. A well used 
processor is a clean one, which entails daily 
maintenance and cleaning. At this point you 
should realize that all processors are basi- 
cally the same in principle. Refer to table 7-4 
for a trouble shooting checklist which pro- 
a possible problems, causes, and reme- 
es. 


a. Operation: 
(1) Starting: 

(a) Open wash water and replenisher 
tank valves. 

(b) Turn on all switches. 

(c) Allow 15 minutes developer warm- 
up. 

(d) Remove crossovers. Turn sun gear 
and wipe crossover rollers with damp sponge 
or cloth. Wipe stainless feed rollers and top 
guide plates of developer rack(s). 

(e) Check solution level in processor 
and replenisher storage tanks. Check wash 
water flow. 

(f) Check solution filter cartridge(s). 

(g) Insert film between stainless feed 
rollers and adjust flowmeters for correct re- 
plenishment rate. 

(h) Reinstall crossovers and visually 
check operation of racks and dryer rollers. 

(i) Be sure all covers and side panels 
are in place. 

(j) Run enough cleanup film to clean 
rollers which are out of solution. Don’t reuse 
cleanup sheets. 

(k) Be sure developer and wash wate: 
have stabilized at proper temperature. 

(2) Feeding Film: 
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(a) Place film on feed table and push in 
until rollers pull it forward. (See manufac- 
turer’s recommendations.) 

(b) When bell sounds, feed another 
film. 

(3) During Operation: | 
(a) Check replenisher and water flow 


‘rates occasionally. 


(b) Check wash water and developer 

thermometers occasionally. 
(4) Stopping: 

(a) Turn off all switches. 

(b) Remove crossovers and wipe with 
damp sponge or cloth. Use a nonmetallic pad 
for stubborn dirt and chemicals. 

(c) Wipe stainless feed rollers and 
check that they turn freely, then reinstall 
crossovers. 

(d) Clean the dryer rollers. 

(e) Flush out sink below solution 
tanks. 

(f) Wipe up chemical deposits on ma- 
chine. 

(g) Turn off wash water. 

(h) To prevent rusting, leave dryer 
and processor covers open slightly when 
machine isn’t running. 

(5) Standby Position: 

(a) For emergency work at night, or 
slack periods during the day, leave only heat 
and cool switches on. Then, when other 
switches are turned on, machine will be 
ready for processing within 10 minutes. 

(b) Also leave open the valve(s) in cold 
water supply line to heat exchanger. 

(c) To save time, turn other switches 
on before exposing film. 

(6) Clearing a Film Jam: 

(a) Sheet film: 

1. Don’t turn off power. 

2. Remove crossover ahead of pile- 
up. 

3. Remove films at this point to 
avoid further pileup. Put films in tray of 
water to prevent sticking. 

4. Clear the film jam. Turn off circu- 
lation if a rack is removed. 

5. Feed the removed films into rack 
nearest point of jamming, to complete cycle. 

6. Determine cause of jam and cor- 
rect it. 

(b) Roll film: 

1. Shut off the power. 

2. Cut film at feed table. 

3. Clear film from racks. 

b. Maintenance. For daily maintenance, 
see paragraph 7-56a. 

(1) Cleaning. Don’t drip solutions into 

an adjacent tank when removing a rack. 
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Reinstall racks slowly, or solutions will 
overflow. Don’t interchange developer and 
fixer racks. 


(2) Weekly: 

(a) Remove crossovers and wipe with 
damp sponge or cloth. Use a nonmetallic pad 
for stubborn dirt and chemicals. 

(b) Clean the stainless feed rollers and 
be sure they turn freely. — 

(c) Remove solution racks. Check 
tanks for foreign matter. Rinse racks with 
running water and clean off any chemical 
deposits and dirt. Use a nonmetallic scrub 
pad for stubborn deposits. 

(d) Check spring tension on racks. Be 
sure roller bearings are free. Operate each 
rack manually to check for binding. Check 
for loose-set screws. Lay rack on a flat sur- 
face, and be sure it is square. Use fiber or 
nylon brush to clean gear teeth. Replace 
worn gears and springs. Reinstall racks and 
crossovers. 

(e) Clean dryer rollers with a clean 
damp cloth. 

(f) Clean dryer air tubes by removing 
and agitating vigorously in warm water. 

(g) Be sure dryer rollers are properly 
seated. 

(h) Go over the entire machine and 
clean it thoroughly. 


(3) Miscellaneous: 

(a) Clean developer rack(s) whenever 
a soil pattern transfers to film. When normal 
cleaning isn’t adequate, use chemical dis- 
solving solutions according to instructions. 

(b) Change dryer air filters when 
dirty. | 

(c) Change solution filter cartridge (s) 
when circulation is impeded (change at least 
once for every 2000 average-size films proc- 
essed). 

(d) Remove and clean screen in bottom 
of replenisher tanks when solutions are 
changed. Swirl the screen through solution 
to remove trapped air bubbles. 

(e) When you change solutions, drain 
tanks and flush thoroughly before refilling. 

(f) At least once a month, flush replen- 
isher systems with hot water—not over 
150°F (65°C). Give special attention to check 
ues and flowmeters (remove and disassem- 
ble). 

(g) Clean the solenoid valve perioi- 
eally (frequeney depends on cleanliness of 
water supply). 

(4) Lubrication. 
lubrication cher:. 


ley Sopertedt. qie th: 4 34- esta 
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SECTION H—X-RAY FILM PROCESSING 
UNDER ADVERSE FIELD CONDITIONS 


7-57. Introduction. Efficient processing of X- 
ray film under field conditions is often diffi- 
cult. This is particularly true where, in am- 
phibious or airborne operations, an X-ray 
laboratory is established in strange terrain 
proximate to combat operations. Under 
these conditions, casualties are awaiting 
medical attention, and the hospital’s surgi- 
cal and radiographic functions should be 
established as soon as possible. Electric 
power to operate processing tanks and re- 
frigeration units may be nonexistent. Con- 
ventional X-ray film processing requires 
water; frequently, however, water must be 
handcarried in large quantities for long dis- 
tances. Inadequate water supply necessi- 
tates the use of special processing tech- 
niques, or a method of instantaneous dry 
processing wherein special equipment must 
be utilized (chapter 16). Described herein is a 
method whereby a completely processed but 
wet radiograph is produced within 15 to 20 
minutes following its immersion in the devel- 
oping solution. If not needed for inspection 
at once, it may be hung in a drying rack to be 
air-dried. 


7-58. Processing Procedure. Since electric 
power is not needed and a small quantity of 
fresh water can be included with the process- 
ing equipment, radiography can begin as 
soon as the equipment is landed and assem- 
bled. The maximum amount of water for the 
first 24 hours of operation or longer can be 
contained in a 50-gallon drum. This volume 
will be sufficient to mix solutions and carry 
on the film washing process. After solutions 
are made, the water for washing purposes 
will average 15 gallons per 480 14 X 17 inch 
films or their equivalent. Treatment of the X- 
ray film during the processing procedure 
assures protection of the emulsion by good » 
hardening characteristics and freedom from 
residual salts from processing solutions af- 
ter the film is dry. The elimination of conven- 
tional processing apparatus is offset by us- 
ing a processing system that chemically con- 
trols the processing procedure within a tem- 
perature range of 607° to 90°F. Processing 
requires two sets of conditions depending 
upon the prevailing solution temperatures: 
one cf the temperature range 60° to 75°F and 
the utter for 75° to 90°F. The method of de- 
velooer replonishment requires the mainte- 
nance of the correct solution level by fre- 
quent additions of replenisher. The volume 


= 
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Table 7-4. Automatic Processing Trouble Shooting Checklist. 


TROUBLE CAUSE REMEDY 
Incorrect film density. Incorrect developer starting mix. Replace with correct solution. 


Neveloper reaching exhaustion. Replace developer with a starting 
mix and check replenishment. 


Over or under replenishment 
due to: 


a. Valve shut off or line . Open valve or clean line. 
clogged. 


Replenisher microswitch . Check and adjust. 
not properly adjusted or 
not functioning properly. 


Flow not correct. >. Adjust flowmeter knob. 
Flowmeter inaccurate. . Replace tube and ball. 
Alr in the lines. . Bleed air out. 
Incorrect film feeding . Sec paragraph 7-56a. 
methods. 
Leak in system. . Stop leak. 
Replenisher pump failure. . Replace pump. 
Neveloper contaminated with Replace developer with starting 
fixer. mix. Be sure fixer rack is in 
fixer tunk. keep splash guard 
NOTE: Lime and scale over developer tanks when re- 
deposits can be quickly moving or replacing fixer rack. 
removed without damage Add chemicals through circula- 
by immersing the mixing tion pump housings. 


Valves in Rydlyme. 


Developer temperature too Check heaters. Adjust 
low. thermostat. 


TROUBLE CAUSE REMEDY 


Inadequate wash water flow. 













a. Be sure the stop valves 
in the water mixing valves 
are completely open. 














Be sure all valves in the 
Supply lines are open. 







Check the supply pressure. 


Clean the strainer screens 
in the water mixing valve. 










Check that there is not an 
accumulation of lime deposits 
within the mixing valve or in 
the strainers and check 
valves. 


Developer temperature too Adjust thermostat. 
high. 


Developer replenishment rate 
too high. 

















Increase in tilm 


density. 






Feed films properly. Check 
that replenishment rate is 
correct on flowmeter, then 
measure overflow from developer 
tank to verify this rate. 






















Concentration of developer 


If replenishment rate is 
too high. 


correct, remix developer re- 
plenisher to proper con- 
centration. 


Solution temperatures too high. Adjust thermostat. 


Incorrect developer starter Remix solution. 
mix hardener not added. 










Films stick in dryer. 
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TROUBLE a REMEDY 


Developer dilution or under- 
replenishment. 


Fixer exhaustion or under- 
replenishment. 


Solutions improperly mixed 
or contaminated. 


Foam in solution tanks. 


Replace developer with start- 
ing mix. Check replenishment 
flow. If not controllable 
with flowmeter, clear possible 
restriction or air lock in 
lines. 


Replace fixer. Check re- 
plenishment flow. If not 
controllable by flowmeter, 
Clear possible restriction 
or air lock in lines. 


Replace with correctly mixed 
solutions. 


Check for air leaking into 
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replenisher lines circula- 
tion pumps, et cetera, or 
clogged drain tube or fitting. 


Check pumps. Check for 
clogged or air locked lines. 


Circulation rate of solutions 
low. 


If flow is less than 
manufacturer's recommended 
amount: 


Improper washing. 


a. See Incorrect Film Density. 


b. Clear possible restriction 
in Mesurflo. 





TROUBLE CAUSE REMEDY 


cl = 


shut off: 
lineven spots on film. Poor squeegee action ot first two 
Or three pairs of rollers in 
drver. 









Be sure the stop valves 
In the water mixing 
Valves are open. 













Be sure all valves in the 
supply line are open. 







Check for failure of cold 
water supply pressure. 






lf water temperature varics: 






(1) Check for lime deposits 
around the piston of the 
water mixing valve, causing 
1t to bind in the piston 


cylinder. 








(2) Test the thermostatic 
motor in the water mixing 
valve. 










e. If water flow is untempcred 
hot or cold water, replace 
the thermostatic motor in the 
hater mixing valve. 









Ise straightest rollers at 
entrance of drver. Adjust 
bearines to assure even 
contact of all rollers. 


Dirty film. Dirty water. Install or chunge filter in 
supply lines. 
Scratched tilm. at " 












Redilan and seat properly. 









Ce Cre sr sc teate ae Cantey Remiyve restriction. 
\ ) 
ae th Cheep clwagpae in heat | Peco thermocouple, 
CALM ANE OT 
sagt Trepmam- tat. ee Ie Ee SCE t fy 
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" TROUBLE CAUSE REMEDY 


Solids separate out of 
developer during mixing. 


Replenisher pumps not 
supplying enough 
replenisher. 


Plastic gears on racks 


getting chewed up. 


Solenoid valve doesn't 


shut off. 


Wash water tank over- 
- flowing. 


TROUBLE 


Pi-line on films. 


Films not drying. 


Fogeged film. 


Other film processing 
problems. 


Mixing at incorrect temperature. 


Pouring additive in too rapidly. 
Too much hardener. 


Air lock in screen in replenisher 
tank. 


Air lock in another place in 
replenisher lines. 


Kinks or other obstruction in 
lines. 


Rack was dropped into tank too hard, 


bending the indexing pins. 


Plastic and steel gears don't 
mesh. 


Gears not being kept clean. 
Dirt in the valve. 


Valve connected up wrong 
electrically. 


Build-up of algae in the weir. 


Fresh chemicals. 


Developer contaminated with fixer. 


At installation: blower motor 
running backwards (3-phasSe motors 
only). 

Dryer temperature too low. 

HNeater element burned out. 


No exhaust air flow. 


Chemical imbalance. 


Light leaking into darkroom. 


Cover on wet section of processor 
not fastened properly. 


Developer contaminated with fixer. 


Chemical imbalance. 
Streaking. 


Mottling. 


Yellow smudges. 


Lack of clearing. 


All liquids should be 100-12U0°F 
(38-49°C) when mixing. 


Follow mixture exactly. 
Use with caution. 


Don't carry air in when you 
insert the screen. 


Bleed air out. 
Remove obstruction. 


Drive down the pins slightly 
with a hammer, so that they 
are parallel with the rest of 
the rack. 


Bend the rail slightly. There 
should be very little play in 
the gears. 


Follow the cleaning instructions 
in paragraph 7-54. 


Disassemble and clean. 
Check connections. 
Drain the wash tank at end of 


working day, and clean it 
periodically. 


Developer temperature Developer filter clogged. Change filter cartridge. 
= varies. 
CAUSE REMEDY 


Lines will disappear after 
short run. 


Replace developer with starting 
mix. 


Interchange 2 of the motor power 
Wires at the terminal strip. 
Check thermostat setting. 
Replace... 

Clear clogyed vent pipe. 

Check replenishment. Replace 
fixer and/or developer if 
suspect. 

Caulk openings. 

Refasten. 

Replace developer with starting 
mix. 

Replace chemicals. 

Weak developer. 


Developer concentration too 
high. 


Fixer exhausted. 


Fixer concentration too high. 
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of replenisher needed to process 600 14 X 17 
inch films, or their equivalent is about equal 
to four times the original volume of the de- 
veloper. This system makes possible the use 
of a constant development time for a given 
temperature. 


7-59. Equipment. Needed for this method of 
processing are seven stainless steel tanks 
(Alloy No. 316) of approximately 5-gallon 
capacity each. A frame upon which the tanks 
may be grouped for convenient use by the 
technologist (figure 7-28) may be improvised. 


7-60. Processing at 60° to 75°F. The sequence 
of processing steps for temperatures 60° to 
75°F is tabulated in table 7-5. 

a. Development. Development is by time 
and temperature in tank 1 according to table 
7-6. After development, the film is removed 
quickly and drained to the waste for 15 sec- 
onds and not into the developer tank. The 
waste can be a trough in the back of the 
tanks leading to a drainage pit outside the 
processing room structure. 

b. Rinsing. The film is next placed in tank 
2 consisting of an acid rinse bath of 2 1/4 
quarts of 28 percent acetic acid in 5 gallons 
of water. Exhaustion of this bath occurs 
when 200 14 X 17 inch films or their equiva- 
lent have been passed through the solution. 
If an acid rinse bath is not available, a fresh 
water rinse bath can be used, but it must be 
changed after 40 14 X 17 inch films have been 
rinsed. The film should be rinsed in tank 2 for 
1 minute with active agitation or 2 minutes 
without agitation. After rinsing, it is re- 
moved and drained to tank 2 for 15 seconds 
and then immersed in tank 3 for fixation. 

e. Fixing. Fixation is done by the use of 
two tanks of fixing solution—tanks 3 and 4. 
The fixing solution should be mixed using a 
sodium thiosulfate formula. The film remains 
in tank 3, 1 to 2 minutes until clear. It is then 
removed and drained for 15 seconds into 
tank 3 and placed in tank 4 where it remains 
2 minutes for hardening. Be sure that the 
fixing solution from tank 3 does not drain 
into tank 4. When 80 14 X 17 inch films have 
been passed through tank 3, it is replaced 
with new solution and tank 4 moved into 
tank 3 position. The new solution in tank 3 
then assumes the position of tank 4. 

d. Washing. Washing is a precise opera- 
tion in this procedure, and all the rules 

should be observed if permanency of the ra- 
diograph is important. For this operation, 
freely circulating water is not used. When 
the film is removed from tenk 4, otis aqraimed 
for 15 seconds to tank 4, er the waste, and 
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Figure 7-28. Diagram of a Tank (5 gal) Ar- 
rangement in 7-Tank Process- 
ing Arrangement. 


then immersed in tank 5 where it is agitated 
for 1 minute (or for 2 minutes if not agitat- 
ed). It is then removed and drained for 15 
seconds to tank 5, or the waste, before plac- 
ing in tank 6. After agitation for 1 minute in 
this tank, it is removed to drain into tank 6, 
or the waste, for 15 seconds. The film is then 
immersed in tank 7 for 1 minute while being 
agitated (or for 2 minutes if not agitated) 
and then removed to drain into tank 7, or 
waste, for 15 seconds. Tank 7 also contains a 
wetting agent (table 7-5). In the transference 
of films between tanks 5 to 7, if the films are 
drained to the waste, be sure that each water 
level is maintained by the frequent addition 
of fresh water to compensate for the water 
loss. The film may then be placed in the dryer 
or viewed by the radiologist or surgeon. The 
chief washing function of tank 5 is to remove 
the bulk of the residual fixing solution and 
silver salts. As a consequence, the water 
soon becomes charged with these chemicals 
and should be discarded when 160 14 X 17 
inch films have been washed. Since the rota- 
tion of fixing and washing tanks is necessary 

to conserve water, tank 5 is removed, the old 

wash water is discarded and tank 5 is filled 

with fresh water. Tank 6 is moved into the 

position of tank 5, and tank 7 moved to the 

tank 6 position. Former tank 5 containing 

fresh water is put in the position normally 

occupied by tank 7. This system of rotation 

is repeated each time tank 5 washes 160 14 X 

17 inch films in the tank 5 position. 


7-61. Processing at 75° to 90°F. The sequence 
of processing steps is the same as above ex- 
cent for the use of the specially treated de 
veloping and rinse bath solutions (table 7-7). 
Time and temperature processing 1s accom- 
pushed by refererce to table 7-8. To insure 
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Table 7-6. Time and Temperature Development—60°F to 75°F. 









Temperature F | 60° | 


Development time--min.* 


emulsion stability when processing at these 
higher temperatures, 50 ounces of sodium 
sulfate is added to the developing solution. 
The rinse bath is replaced by a hardener so- 
lution made in accordance with the following 
formula: 


Hardening Bath* 
W Abe a cdscicssdessnsssusacdiseccscavessesssecsenessss 5 gallons 
Potassium chrome alum ............006 20 ounces 
Sodium sulfate, desiccated** .. 2 1/2 pounds 


Development of the film in the temperature 
range of 75° to 90°F ordinarily would proceed 
at too rapid a rate for adequate control. So- 
dium sulfate, therefore, is added to slow 
down the activity of the developer to more 
controllable limits. Be sure that the replen- 
isher, when it is added to the developer, con- 
tains sodium sulfate in the quantity of 50 oz 
per 5 gallons of prepared replenisher solu- 
tion. The hardener bath used after develop- 
ment serves to harden the emulsion so that 
the balance of the processing procedure can 
take place without danger of the emulsion 
becoming too soft or melting before the final 
washing stage. 


SECTION I—PROCESSING PHOTOFLUO- 
ROGRAPHIC FILM 


7-62. Introduction. Photofluorography is a 
precise procedure. Processing of photofluo- 
rographic film departs from the routine 
manner in which conventional X-ray film is 
processed. Photofluorography is discussed in 
chapter 13. 


7-63. Film. There are two basic types of sin- 
gle-emulsion films available for photofluoro- 
graphy— green sensitive and blue sensitive 
—in rolls 35 and 70 millimeters wide and sin- 
gle-coated X-ray filmin 4 X 5, 4 X 10, and 2 
11/16 X 6 1/2 inch sheets. The green-sensitive 
films are used with green-fluorescing Du- 
Pont-Patterson B, 52, and E2 Fluorescent 


*The same proportions should be used for making 
larger or smaller quantities of solution. 

**If crystalline sodium sulfate is preferred, use 2 1/4 
times the quantity listed. 


Ce [eo lo [ow lm pe 


*For use with rapid x-ray developer and x-ray replenisher. 







ms EE 








Screens, while blue-sensitive films are used 
in conjunction with the blue-fluorescing D or 
D2 screens. Both green- and blue-sensitive 
roll films are available in 70 mm width for 
use in the Fairchild Fluoro-Record Camera, 
F-212. However, only the green-sensitive film 
has been found useful in 35 mm width. Sin- 
gle-coated X-ray film is available in 2 11/16 X 
6 1/2 inch sheets for use with both green and 
blue fluorescing screens. The blue-sensitive 
type of this film, however, is also available in 
4X5 and 4 X 10 inch sizes. 


7-64. Accessories. Safelight filters, Wratten 
Series 2, may be used with either blue- or 
green-sensitive films, but the Wratten Series 
6B may be utilized only with blue-sensitive 
films. Two processing hangers are available 
—an adjustable processing hanger and the 
No. 11 X-ray processing hanger. 


7-65. Chemicals. Processing chemicals rec- 
ommended for use in photofluorography are 
rapid X-ray developer and acid rinse bath, X- 
ray fixing solution and wetting solution. 
Regular X-ray developer should not be used 
because of its relatively lower development 
activity. Solutions prepared from _ these 
chemicals may be stored in stoppered bottles 
preparatory to use. All used but unexhaust- 
ed solutions should also be similarly stored. 


7-66. Processing Roll Films: 

a. Procedure. In processing roll film, the 
leader and trailer should not be left attached 
to the ends of the roll while it is being proc- 
essed. There are camera-activating perfora- 
tions along the edges of the leader and trail- 
er. If the film is rolled on spools in the tank 
so that the first and last few frames will-be 
in contact with the leader and trailer, the 
perforations can be the source of oval areas 
of increased density on these frames. The 
alternative to removing the leader and trail- 
er prior to processing is not to make expo- 
sures on the first and last three or four 
frames on the roll. In transferring the film 
fromthe magazine of the camera to the spool 
of the tank, care must be exercised to not 
injure the film by crimp marks or abrasions. 
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Table 7-8. Time and Temperature Development—75°F to 90°F. 










Temperature F 
Development time--min. 


In addition, statie will occasionally be cre- 
ated during this operation if the humidity is 
low. This may be prevented if the magazine 
itself is placed temporarily on one of the 
spindles of the tank cover assembly, and the 
film threaded and started onto the process- 
ing spool. The entire assembly may then be 
immersed in water and the transfer of the 
film to the spool completed. The empty maga- 
zine reel is then removed and the other proc- 
essing spool put in place. 
b. Processing Facilities: 

(1) A shallow sink, measuring 30 inches 
in length, 20 inches in width, and 12 inches in 
depth, equipped with a standpipe, is very 
useful as a water jacket. The processing 
tank as well as the solution bottles can be 
placed in it for the regulation of the temper- 
ature. The sink should be supplied with hot 
and cold water, and either a mixing faucet or 
a thermostatic mixing valve, the latter being 
the more satisfactory. A rubber hose con- 
nected to the faucet or the valve outlet is 
important to facilitate filling or cleaning the 
processing tank and solution bottles, as well 
as for filling the water jacket. 

(2) The motor-driven, rewind-type tanks 
are designed with a spout so that only one 
tank can be used and the processing solu- 
tions poured in and out as necessary. Howev- 
er, it is much more convenient to use two 
tanks so that the motor-driven reel assembly 
can be removed from one solution and im- 
mersed in the next solution in a second tank 
with a minimum loss of time. 

c. Solutions: 

(1) Temperature. It is important that 
the entire processing cycle be carried out at 
68°F. Above 70°F, the emulsion may be sof- 
tened to such an extent that the edges of the 
film may be damaged. 

(2) Exhaustion Limits. The maximum 
amount of film that may be processed in each 
of the required processing solutions is as fol- 
lows: 

(a) One gallon of rapid X-ray develo- 
per solution will develop 200 feet of film. 

(b) One gallon of acid rinse solution 
oe stop development of about 100 feet of 

Im. 

(c) One gallon of fixing solution wil] fix 
300 feet of film. The capacity will be less 
when short lengths of filin ave used. 





Ce De Le [oe [ow Lo [oe Loo 






(d) One gallon of wetting solution 
should be used for 100 feet of film. It should 
be discarded after each use. For optimum 
results, these recommendations should not 
be exceeded. When the requisite amount of 
film has been circulated through one of these 
solutions, the solution should be discarded. 

d. Prewetting. Unless the film has been 
wound onto the processing-tank spool under 
water, it should be wet with water at 68°F 
before being placed in the developer. This is 
done by running the film through the water- 
filled tank unit for 5 minutes. 

e. Developing Time. It is important that 
the developing time be measured from the 
time of immersion of the film in the developer 
to the time of immersion in the rinse bath. 
The developing time at 68°F for the first 100 
feet of film in 1 gallon of developer solution 
varies with the length of the roll being proc- 
essed. These intervals are listed in table 7-9. 
The developing time should be increased by 1 
minute for the second 100 feet of film proc- 
essed in 1 gallon of developer solution. 

f. Rinsing. The film should be removed 
from the developer solution and immersed in 
the stop bath as rapidly as possible. (To 
make the stop bath, add 16 oz of acetic acid, 
28 percent, to water to make 1 gallon of solu- 
tion.) To stop development quickly over the 
entire length of film, wind the film by hand 
through two complete cycles in each direc- 
tion. The procedure is more rapid than using 
the motor. 

g. Fixing Time. The fixing time for various 
lengths of film are listed in table 7-10. 

h. Washing. To increase the flow of water 
through the motor-driven tank during the 
washing procedure, one end of the cover as- 
sembly should be propped up about one- 
fourth inch. The hose nozzle is inserted into 
the bottom of the solution trap, and the film 
should be washed for at least 25 minutes in 
rapidly running water. 

i. Preventing Water Spots. Following 
washing, the flow of water should be stopped 

and the motor turned off. The lid of the tank 
with the film spools attached should be re- 
moved and about a pint of water poured from 
the tank. Next, one-fourth ounce of wetting 
solution should be added to the water. The lid 
and spools are then replaced and the motor is 
run for 5 minutes. 
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Table 7-9. Developing Time-Roll Film. 


Length of film Development at 68°F 


6 1/2 ft. 6 min. 
25 ft. 


8 1/2 min. 
50 ft. 9 min. 


100 £t: 10 min. 





Table 7-10. Fixing Time—Roll Film. 


Length of film Fixing time at 68°F 


First 100 ft. 10 min. 
Second 100 ft. 


12 1/2 min. 


Third 100 ft. 15 min. 





j. Drying. All photofluorographic film re- 
quires care in drying. The procedure should 
be carried out in a room as free from dust as 
possible. After the film has been removed 
from the tank, all excess water should be 
eliminated by means of a chamois, photo- 
graphic cellulose sponge, or squeegee, and 
this should be done regardless of whether the 
film is to be dried in loops or on a rack. If 
heat is used, the film should never be allowed 
to become bone dry since it will tend to be- 
come brittle. Allowing the film to remain for 
several hours in normal room atmosphere 
after drying will permit equilibrium of the 
moisture content of the film and the room. 
When the film is dry, any residual spots or 
fingerprints may be removed with film clean- 
er. 


7-67. Processing Short Lengths of Roll Film 
and Sheet Film: 

a. General. Standard tanks for processing 
14 X 17 inch radiographs may be used to 
process both sheets and short lengths of 35 
mm and 70 mm photofluorographic films. An 
adjustable processing hanger is especially 
designed for processing any length of 35 mm 
or 70 mm film up to lengths of 11 feet. Adjust- 
able film guides accommodate strips of dif- 
ferent widths, while sliding clips on the top 
and bottom bars hold the film smooth. The X- 
ray processing hanger, No. 11, is of the chan- 
nel type and holds five sheets of 2 11/16 X 6 
inch film. Other hangers are available for 4 
X 5 and 4 X 10 inch films. 

b. Processing Procedure. The processing 
procedure is the same as for conventional 
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radiographs in tanks. Green-sensitive films 
are developed for 7 minutes at 68°F in rapid 
X-ray developer, while blue-sensitive films 
require 8 minutes. The difference is due to 
the fact that the films are coated with two 
entirely different emulsions. In all instances, 
an acid rinse bath should be used as a rinse 
between developing and fixing of the films. 


SECTION J—SPECIAL PROCESSING 
METHODS 


7-68. High Temperature Processing. If it is 
‘not possible to cool the solutions and wash 
water to 68°F, a number of general precau-. 
tions may be exercised to lessen the difficul- 
ties of processing X-ray film at higher tem- 
peratures. For temperatures up to 75°F, the 
development time should be shortened as in- 
dicated in the development time-temperature 
table (see tables 7-5 and 7-6); the fixing solu- 
tion should be renewed frequently; the films 
should be fixed for fully 15 minutes to insure 
maximum hardening; and the washing time 
should be limited to 15 minutes. A good prac- 
tice is to use the fixing solution of twice the 
volume of the developer and to change the 
fixer when the developer is changed. The 
short development, thorough fixation, and 
minimum washing all help to prevent exces- 
sive softening and swelling of the gelatin of 
the emulsion. 

a. At Temperatures Above 75°F. For proc- 
essing at temperatures above 75°F, further 
precautions may be taken. It is not generally 
possible to work with solutions at tempera- 
tures above 95°F owing to the danger of reti- 
culation and blisters. The recommended 
processing time for development, hardening, 
and fixing of X-ray film are indicated in table 
7-11. Between development and fixation, the 
films should be rinsed in a solution made with 
the hardening bath formula. This solution 
hardens the emulsion. 

b. At Temperatures Above 90°F. When the 
temperature of the processing solutions is 
90°F or above, sodium sulfate should be add- 
ed to the developer solutions as indicated in 
table 7-12. When the temperature is 95°F, 
sodium sulfate should also be added to the 
hardening bath. Once the sodium sulfate has 
been added, the bath should not be allowed to 
cool; if its temperature falls 5 to 10°, the so- 
dium sulfate may crystallize. The hardening 
bath should be mixed fresh every 24 hours 
because, when partially used, the bath loses 
its hardening properties rapidly. 

ec. Hardening and Fixing. X-ray films 
should remain in the hardening bath for 3 
minutes; during the first minute they should 


1-54 


Table 7-11. High Temperature Processing Time. 


80°F 








11/2 min. 





1 1/2 min. 





90°F 
1 1/4 min. 





95°F 


be agitated frequently to prevent the forma- 
tion of a precipitate on the film surface. 
Next, the films should be transferred to the 
fixing solution. In order to minimize exposure 
to the air, the films must be transferred 
quickly from one solution to the other. 

d. Washing. In washing the films the flow 
of water should be sufficient to permit wash- 
ing for a period not exceeding 10 minutes, 
since prolonged washing may cause the gela- 
tin in the emulsion to swell excessively. In a 
single wash tank, the hourly flow of water 
should be at least 15 times the volume of the 
tank. In the two-compartment cascade wash- 
ing system, the hourly flow of water should 
be at least 8 times the volume of one com- 
partment. 


7-69. Tray Processing: 
a. Introduction: 

(1) When a tank is not available, films 
may be processed in trays, although this 
method is not as efficient. 

(2) At least four heavy, durable, white- 
enameled trays are essential. They should be 
of adequate size to accommodate the largest 
film normally exposed. One tray each is used 
for developer solution, rinse water or stop 
bath, fixing solution, and wash water. The 
tray for washing should be fitted with an 
automatic tray siphon so the water will be 
kept in constant circulation. 

(3) A quantity of developer and fixing 
solution should be mixed at regular intervals 
and kept in brown bottles. Enough solution 
to cover the films at least 1 inch is poured 
into the proper trays just before processing. 
The temperature of the solutions should be 
68°F. Only one film should be developed at a 
time, and care must be taken so that the sof- 
tened emulsion is not scratched during devel- 
opment and does not stick to the bottom of 
the tray. The method requires somewhat less 
time than tank processing because of the 
need for constant agitation of solutions in 
trays. 
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bath Fixation 







b. Procedure. Assuming that the solutions 
are ready and at a temperature of 68°F, the 
sueke in the processing procedure are as fol- 
Ows: 

(1) On removing the film from the cas- 
sette or exposure holder, attach a dental X- 
ray film clip to one corner to facilitate han- 
dling. Immerse the film in the developer solu- 
tion by a quick sliding motion so that it is 
completely covered. Unduly slow and uneven 
immersion will result in a dark line on the 
radiograph where the developer paused. 

(2) Start the timer for the proper inter- 
val as indicated by the temperature and ac- 
tivity of the solutions. Because of the more 
or less continuous agitation afforded by the 
procedure, this method requires 20 percent 
less development time than the tank system. 
For example, using rapid developer and a 
basic 3-minute development time at 68°F, 
normal contrast is provided in screen-type 
film with a 2 1/2-minute tray development. 
During development, the film must be moved 
about frequently so that the underside does 
not adhere to the tray and thereby retard 
the action of the developer on the emulsion. 
It is also advisable to turn the film over sev- 
eral times during development. The tray 
should be rocked to provide continuous redis- 
tribution of solution over both surfaces of 
the film. This agitation can be accomplished 
by raising and lowering alternate sides of 
the tray, and must continue throughout the 
processing period. 

(3) Rinse the film in fresh water or acid 
bath for 20 seconds and transfer it to the 
fixing solution for 15 minutes. When the film 
is first placed in the tray and at intervals 
during fixation, the solution should be agi- 
tated by the method described above. The 
film must not be allowed to rest on the bot- 
tom. 

(4) After fixation, the film should be 
washed in running water for not less than 20 
rainutes. The rate of flow should be rapid 
encugn to replace the water in the tray at 
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Table 7-12. Modification of Developer and Hardener Solutions for ns Process- 


ing. 


Temperature (degrees F) 


Ounces of sodium sulfate 
(desiccated) added per 
gallon of solution. 










least 8 to 10 times an hour. If several films 
are developed in succession, the washing 
time must be calculated from the time the 
last film is placed in the wash water. 

(5) The developer and fixer solutions 
should be returned to their respective bot- 
tles promptly after use or discarded because 
of aerial oxidation of the developer solution 
and dust and other foreign matter collecting 
in uncovered trays. 


7-70. Rapid Processing for Surgical Radi- 
ographs: 

a. Special Rapid-Processing Developer. 
Occasionally, it is necessary to inspect at 
the earliest possible moment radiographs 
that are made as a part of the surgical pro- 
cedure. In such situations, normal process- 
ing time can be reduced by several minutes 
by the use of a developer solution prepared 
according to the following formula: 


Special Rapid-Processing Developer 


WY QL OP isos ciceccsscecusiccvecuchescscecesvecessesents 96 ounces 
Sodium sulfate, desiccated ............ 12 ounces 
Hy droqulnonie ...........cccsssssssssesseseseeees 6 ounces 
Sodium hydroxide (caustic soda) .... 5 ounces 
Potassium bromide ..............cccsssscees 4 ounces 
Water to make ............csccsssssssssssesseees 1 gallon 

NOTE: Dissolve the chemicals in the order 
given. 


b. Procedure. Two parts of stock solution 
are mixed with one part of water, and the X- 
ray film is developed in it for about 60 sec- 
onds at 68°F. The development time may be 
lowered to 45 seconds by decreasing to 1 
ounce the potassium bromide in the above 
formula; however, appreciable fog may re- 
sult. The tray method of processing is pre- 
ferred because the keeping quality of the 
developer is poor when diluted as recom- 
mended above; the solution should be dis- 
carded after it has been used. The stock solu- 
tion, however, will retain its properties for 
about 2 months if kept in a well-stoppered 
brown bottle. Since caustic soda is one of the 
components of the developer, dental X-ray 
film clips should be used for handling films to 
protect the hands. It is important that the 


Rapid x-ray ae Hardening bath 


to 7 Pape 





No LJ 
required 


film be rinsed thoroughly, following develop- 
ment, before being placed in the fixer. This 
step is necessary to preclude the formation 
of stains or dichroic fog. If fresh fixer solu- 
tion is used, the radiograph should be ready 
for viewing after having been immersed 
approximately 1 minute, with frequent agi- 
tation. After inspection it should be returned 
to the fixer solution for approximately 10 
minutes, however, to insure thorough hard- 


ening of the emulsion. It may then be washed 
in the usual manner. 


7-71. Emergency Processing Measures. 
Whenever possible, the X-ray technologist ° 
should strictly adhere to the rules of good 
processing outlined in the preceding sec- 
tions. However, emergencies may arise where- 
in it may be impossible for the technologist 
to know all the facts concerning the develo- 
per and fixer. In such emergency situations, 
the use of the following rules of thumb may 
be helpful. 
a. Sight Development: 

(1) Except in cases of extreme emergen- 
cy, proper time-temperature processing 
should be carried out at all times. However, 
in case the processing timer should stop 
working, or if an improperly exposed but 
badly needed emergency film is required, it 
may be necessary for the technologist to es- 
timate visually (sight development) the time 
for terminating development. 

(2) Sight development opens avenues of 
error through which the quality of the fin- 
ished radiograph may become impaired. It is 
a characteristic of X-ray film emulsions that 
the silver bromide crystals are packed more 
closely together than in the usual photo- 
graphic emulsion. Depending upon the type 
of exposure given, the visual appearance of 
the developing image may be comparatively 
different. In radiographs exposed with inten- 
sifying screens, the exposure effect occurs 
chiefly in the crystals at or near the surface 
of the emulsion because the exposure is made 
chiefly by the fluorescent light emitted by the 
intensifying screens. The image appears to 
flash up quickly in the developer, and the 
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developed crystals at the surface prevent 
estimation of the degree of overall develop- 
ment in the body of the emulsion. It is, there- 
fore, largely a matter of guesswork as to the 
time development is judged complete. Fre- 
quently the radiograph is removed from the 
developer before complete development of 
the entire image takes place because the 
image appears to the eye to possess a very 
high density. This results in underdevelop- 
ment. In direct exposure of the X-ray film, 
the X-rays penetrate the entire emulsion 
layers fairly equally. Crystals at the emul- 
sion’s surface as well as throughout the lay- 
ers develop slowly. The developing image is 
ill-defined at first, gradually building up to 
the point where the well-accommodated eye 
sees what may be construed to be a well-de- 
fined image. Frequently, however, an error in 
judgment is made and full development is not 
given. 

(3) Sight development requires much 
experience before proficiency is attained, 
and even then there are physiological fac- 
tors that degrade the efficiency of the meth- 
od. The degree of fatigue of the technologist 
is a major factor that lessens eye acuity in 
sight development as well as poor inherent 
ocular adaptation. Passage from a brightly 
lighted exposure room to the dark processing 
room requires a period of adaptation—in 
some instances, 15 to 30 minutes. Also, the 
frequent inspection of the developing radi- 
ograph in front of the safelight together 
with the action of aerial oxidation frequent- 
ly fogs the film. To avoid the foregoing disad- 
vantages, use a standardized time-tempera- 
ture processing procedure and develop films 
by inspection only when absolutely neces- 
sary. 

(4) To sight develop a film, place a finger 
behind the most dense part of the film and 
then view it against a safelight. If the sha- 
dow of the finger cannot be seen through the 
film, development should be terminated. To 
avoid incurring aerial fog, the technologist 
should be particularly careful not to keep 
the film out of the developing solution for too 
long a period. 

b. Temperature-Strength of Solutions 
Unknown. It is not advisable to process films 
by the sight method if the temperature and/ 
or strength of solutions are unknown. For 
consistency in film quality, standardized 
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processing time must be established for both 
the developer and the fixer. This may be done 
by the methods described below. 

(1) Asimple test for proper development 
time can be carried out within a few minutes. 
Using an 8 X 10 inch cassette, flash-expose 
half the film to X-rays while covering the 
other half with lead. Then, in the darkroom, 
cut the exposed film into strips so that each 
strip has one exposed end and one unexposed 
end. One strip only is used in making the 
test; the remainder should be stored in a 
lightproof container. Using a stop watch 
with a second hand, place the strip of film in 
the developer so that it can be easily ob- 
served by the safelight illumination. The 
instant the exposed half of the film becomes 
different in appearance from the unexposed 
half, note the time elapsed in seconds. Then, 
divide the number of seconds elapsed by 10; 
the result gives a suitable development time 
in minutes. For example, if it took 35 seconds 
for a density to appear on the exposed half 
of the film, then the proper development time 
for that solution at that temperature would 
be 35 divided by 10, or 3 1/2 minutes. 

(2) To estimate the proper fixing time, 
place a film in the fixer (the first film proc- 
essed will do satisfactorily) and note the 
time it takes the film to clear. Triple this 
time for the complete fixing of all films. For 
example, if it took 6 minutes to clear a film, 
then all films left in fixer for 18 minutes 
would be satisfactorily hardened. 

ce. Films Stuck Together While Drying. On 
occasion, two films may become stuck togeth- 
er while drying. Ordinarily, both films would 
be ruined, for usually the emulsions of both 
are damaged upon separation. However, if 
the two films are immersed in a wetting 
agent solution (4/5 fluid ounce of wetting 
agent to 1 gallon of water) for about 12 
hours, the two films may be slowly stripped 
from each other without damaging the emul- 
sions of either. If a wetting agent is routine- 
ly used, the regular wetting tank can be 
used. After the films have been separated 
they must then be replaced in the fixer so 
that the swelled emulsion will harden. 


CAUTION: After the films have been in the 
wetting agent, the emulsion will be very soft, 
and care must be taken to avoid scratching 
the films. 
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Chapter 8 
ANATOMY 


SECTION A—INTRODUCTION 


8-1. Scope. Details of human anatomy and 
physiology are beyond the scope of this text. 
In this section emphasis will be placed on 
those aspects of anatomy that are of partic- 
ular significance in radiographic practice. 
The skeleton will be discussed according to 
the regions of the body and since many spe- 
cial procedures involve the various body 
systems, emphasis will be placed upon the 
relative size and position of the component 
organs. 


8-2. Terms Used in Anatomical Reference: 

a. To avoid misunderstanding in describ- 
ing the location of anatomical structures, a 
standard body position is used as a point of 
reference. This generally accepted standard 
body position, called the anatomical posi- 
tion, is assumed when the body stands erect, 
arms hanging at the sides, and palms of the 
hands turned forward (figure 8-1). When us- 
ing any of the terms described below, one 
must visualize the body in this anatomical 
position. 

b. Anterior and ventral refer to the front 
of the body; posterior and dorsal, to the 
back. These terms may also be used to indi- 
cate relative positions within the body. For 
the hands, however, palmar is used instead 
of anterior. In describing the feet, plantar 
refers to the sole and dorsal to the upper 
surface. In describing the anterior surface 
of ha forearm and hand, the term volar is 
used. 

c. Medial refers to structures located 
nearer the midline of the body; lateral, to 
those nearer the side. For example, the tibia 
is medial to the fibula, and the fibula is later- 
al to the tibia. These terms may also be used 
to identify surfaces of various structures. 
For example, the thumb and little finger are 
located on the lateral and medial aspects of 


- the hand, respectively. 


d. Superior refers to a position above a 
particular reference point; inferior, to a pos- 
ition below a reference point. For example, 
the thoracic vertebrae are superior to the 
lumbar vertebrae, and the lumbar vertebrae 
are inferior to the thoracic vertebrae. 

e. Cranial or cephalic means toward or 
nearer the head; caudal means toward or 
nearer the feet (figure 8-2). 


MIDLINE 


MEDIAL 


BORDER 
LATERAL 


BORDER 





Figure 8-1. Anatomical Position. 


f. Proximal means nearer the attachment 
of a limb or nearest the point of origin. Dis- 
tal refers to remote from attachment or fur- 
thest from the point of origin. For example, 
the shoulder joint is in the proximal arm and 
elbow joint in the distal arm (figure 8-3). 

g. External (outside) and internal (inside) 
are used for describing locations with re- 
spect to the surface. 


8-3. Planes of the Body. The planes of the 
body are imaginary planes dividing it into 
sections. They are used as reference points 
for locating anatomical structures. As 
shown in figure 8-4, the median or midsagit- 
tal plane divides the body into right and left 
halves on its vertical axis. Any of the verti- 
cal planes that parallel the median are called 
sagittal planes. The frontal plane or coronal 
plane is any vertical plane that divides the 
body into anterior and posterior portions: 
The horizontal plane or transverse plane is 
any plane that divides the body into superior 
and inferior portions. The level of this plane 


-must be given; for example, the umbilical 


plane cuts through the body at the level of 
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the umbilicus. Any transverse plane must be 
at right angles to the median plane. 


SECTION B—THE SKELETAL SYSTEM 


8-4. General. The skeletal system is the bony 
and cartilaginous framework of the body. Its 
functions include supporting the body and 
giving it its shape, protecting vital organs, 
and providing sites of attachment for mus- 
CEPHALIC ANGULATION cles and ligaments. See figures 8-5 and 8-6 
for general skeletal structures. 








CAUDAL ANGULATION 


Figure 8-2. Angulation of X-rays. 
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Figure 8-4. Planes of the Body. 
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1/3 8-5. Osteology: 


a. Structure. Bone is a tissue composed of 
living cells (osteocytes) distributed in an in- 
tercellular matrix which contains organic 
and inorganic substances. The organic con- 
ponent, largely collagenous fibers, is respon- 
sible for the strength and resilience of bone, 
while the inorganic salts, mostly calcium 
phosphate, contribute to its hardness and 
rigidity. The inorganic ees make up 
approximately 67 percent of bony matter in 
MEDIAN PLANE the adult. The radiopacity of bone depends 
DISTAL END (POINT OF largely upon the amount of mineral constitu- 
OF BONE CONSIDERATION) ents present. Lack of mineral content in the 

young and aged alters the radiopacity, and 
Figure 8-3. Proximal-dista; Relationships. must be compensated for. 
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Figure 8-5. Body in the Anatomical Position Showing General Structure of Skeleton. 


(1) There are two forms of bone tissue, 
cancellous and compact. Cancellous or spon- 
gy (latticelike) bone consists of irregular 
strands of tissue which branch and join one 
another forming a loose network in which 
the intercommunicating spaces are filled 
with marrow. Compact or dense bone has a 
more solid, regular appearance and its inter- 
communicating canals are microscopic in 
size. The basic structure of these two types 
of bone is essentially the same. They differ 


mainly in the relative amount of solid subst- 
ance and the number, size, and arrangement 
of the intercommunicating spaces they con- 
tain. Both cancellous and compact forms are 
present in most bones of the body, but the 
extent and distribution of each varies consi- 
derably. In adults, the exterior of all bones is 
compact bone, while the interior is usually 
cancellous. 

(2) In a typical long bone (figure 8-7) 
each end (epiphysis), is largely cancellous 
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and is covered by a small layer of compact 
bone. The reverse prevails in the shaft (dia- 
physis) which is mostly compact bone tissue. 
The central medulldry cavity in the shaft of 
these long bones is continuous with the in- 
tercommunicating spaces in the cancellous 
bone located at the ends. Depending on the 
age of the individual and the type of bone 
considered, either red or yellow marrow fills 
these cavities. Red marrow, active in the 
production of blood cells, is present in all 
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bones at birth, and blood cells are produced 
in all locations. With advancing age the pro- 
duction of blood cells decreases, and red 
marrow is replaced by yellow marrow which 
consists mostly of fat cells. During adult 
life, red marrow is found mainly in the skull, 
vertebrae, ribs, sternum, and the articular 
ends of some long bones. 

(3) Each long bone, except for its articu- 
lar surface, is enclosed by a thick fibrous 
sheet of tissue called the periosteum, which 
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Figure 8-7. Structure of a Long Bone [Femur]. 


develops when the perichondrium, the outer 
covering of the embryonic skeleton, becomes 
permeated with blood vessels. The marrow 
cavity and also the canal system are lined by 
a delicate layer of reticular tissue called the 
endosteum. 

(4) In flat bones, such as the ribs, one or 
more plates of compact bone surround the 


cancellous bone. In many irregular bones, 
such as the vertebrae, spongy bone is en- 
closed by a thin shell of compact bone. 

(5) The living bone cells are nourished 
by a system of blood vessels and capillaries. 
For example, in the long bones blood vessels 
in the shaft supply the bone marrow. 
Branches of blood vessels contained in the 
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periosteum supply the compact and cancel- 
lous bone areas. 

(6) When bone tissue is examined under 
a microscope, it is seen in layers, either as a 
series of flat plates (for cancellous bone) or 
concentric cylinders (for compact bone). The 
microscopic structure of compact bone is il- 
lustrated in figure 8-7(C). In compact bone 
the series of concentric cylinders are formed 
in units called Haversian systems. Here liv- 
ing bone cells lie in minute cavities called 
lacunae. The lacunae communicate with each 
other and indirectly with a central Haver- 
sian canal through a system of microscopic 
canals called canaliculi, which contain pro- 
toplasmic extensions of the bone cells. They 
are nourished by blood vessels from the per- 
iosteum which enter the compact bone 
_ through small pits on the surface. Branches 

of these blood vessels penetrate the matrix 
and enter the central Haversian canal in 
each Haversian system. 

b. Classification of Bones. Bones may be 
classified according to shape. This classifi- 
cation is of special interest to the X-ray 
technologist. 

(1) Long Bones. A long, usually cylindri- 
cal, shaft with two expanded extremities. 
Long bones are radiographed lengthwise on 
the film. The humerus (figure 8-18) of the arm 
is an example of a long bone. 

(2) Short Bones. A short, usually cy- 
lindrical, shaft with two expanded extremi- 
ties. They usually occur in groups, like the 
metacarpals of the hand (figure 8-14). Gener- 
ally, short bones are radiographed crosswise 
on the film. 

(3) Flat Bones. Two plates of hard bony 
substance with a thin layer of spongy red 
marrow in between. In the adult, the red 
marrow is the normal site for the production 
of the granular-leukocytes and the erythro- 
cytes. The scapula (figure 8-19) is an example 
of a flat bone. 

(4) Irregular Bones. Bones whose size 
and shape are modified by their function and 
position. The vertebrae (figure 8-32) are 
examples of irregular bones. 

(5) Sesamoid Bones. Small bones embed- 
ded in tendons which pass over the joints. In 
addition to lessening friction, they modify 
pressure and help to protect ligaments and 
tendons. The patella (figure 8-27) (knee cap) 
is an example of a sesamoid bone. Sesamoid 
bones are also situated within the palm of 
the hand and the plantar surfare of the foot, 

(6) Supernumerary. “Tixtra” bones of 
the skeletal system, for exscanile, Woerrien 
bones. 
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c. Bone Formation and Growth: 
(1) Formation: 

(a) Bone formation from fibrous mem- 
brane (intramembranous). The bones of the 
cranium are formed from a fibrous mem- 
brane. In various portions of the membrane 
an ossification center develops. From these 
centers tiny calcium spines radiate in all 
directions; thus a compact network of bone 
is formed centrally with peripheral areas 
being much less compact. Between the ra- 
diating calcium columns, the osteoblasts 
(bone-forming cells) construct the bone. 
Eventually, the periosteum is formed from 
the membrane; the subperiosteal osteoblasts 
form the inner and outer tables of compact 
bone; and the endosteal osteoblasts form the 
cancellous bone. The bone marrow occupies 
the spaces within the cancellous bone (di- 
ploe). The bones of the cranium are not 
completely ossified at birth, and the membra- 
nous areas are called fontanelles. See figure 
8-8, for the illustration of an infant’s skull, 
showing anterior and posterior fontanelles. 


POSTERIOR 





ANTERIOR 


Figure 8-8. Anterior and Posterior Fonta- 
nelles, Infant’s Skull. 


(b) Bone formation from cartilage. 
The bones of the rest of the skeleton are 
formed by the endochondral or cartilaginous 
ruethod. A long bone, for example, is a carti- 
inee rnudel exactly like the bone will be. Ossi- 
fiiation proceeds from an ossification center 
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toward the extremities, which remain carti- 
laginous for some time. Subsequently, a sim- 
ilar process begins in one or more places in 
the extremities, and gradually proceeds to- 
ward the center. An area of cartilaginous 
tissue persists after birth for various peri- 
ods of time. In infants and children this area 
affords growth in length, and is called the 
epiphyseal zone or disk. The suffix “-phy- 
seal” means growth. 


(2) Bone Growth: 

(a) Growth of the cranial bones is 
effected by formative steps which are modifi- 
cations of intramembranous formation. It 
entails ossification of the membranous fon- 
tanelles, which becomes complete when the 
child is approximately 2 years old. 

(b) The remaining bones of the skele- 
ton undergo changes similar to that of a long 
bone during growth, that is, an increase in 
diameter and length. The periosteum, which 
covers the bone, contains osteoblasts which 
progressively deposit layers of bone to form 
the external portion of the bone. Correlated 
with this growth in diameter externally, os- 
teoclasts (bone-destroying cells) in the en- 
dosteum destroy some of the bone internally, 


thereby enlarging the internal (medullary) - 


canal. Growth in length takes place in the 
epiphyseal zones. The shaft is called the dia- 
physis and the end of the bone, the epiphysis. 

(c) The time required for the bones to 
reach full development varies for the differ- 
ent parts of the skeleton. Also, the skeleton 
matures somewhat earlier in the female than 
in the male. The appearance of the epiphy- 
seal centers of ossification and their develop- 
ment can be followed by radiographic exami- 
nation. Some appear at birth while others 
appears from time to time during the first 15 
years of life. Later the epiphysis and shaft 
of the bone unite. All have ordinarily united 
by the age of 25. The normal development of 
the bones, the average age of appearance of 
various centers of ossification, and the aver- 
age age of unification of epiphysis with dia- 
physis is shown in figures 8-7 and 8-9. 


d. Descriptive Terminology: 

(1) Extremity. The extremity is the dis- 
tal or terminal portion of a bone. An arm or 
leg is also referred to as an extremity. 

(2) Shaft or Body. The shaft or body is 
the long cylindrical part, or the principal 
portion, of a bone. 

(3) Epiphyseal Zone. The epiphyseal 
zone is the area between the shaft and the 
end of a bone where growth or an increase in 
length occurs. 
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(4) Head. The head is the expanded por- 

tion at the end of a bone, usually rounded. 
Neck. The neck is the constricted 
portion of the bone next to the head. 

(6) Base. The base is the expanded por- 
tion at the end of a bone opposite to its head. 
. (7) Ramus. A ramus is a branch of a 

one. 


(8) Projections Found in Bones: 

(a) Process—a general term for a 
projection. 

(b) Spine—a sharp projection. 

(c) Tubercle—a small rounded rough 
projection. 

(d) Tuberosity—a large eminence 
(prominence or projection), usually rough- 
ened for the attachment of tendons or liga- 
ments. 

(e) Styloid—like a stylus. 

(f) Trochanter—a very large, rough- 
ened process. 

(g) Crest—a projecting ridge of bone. 

(h) Condyle—a smooth, rounded swell- 
ing at the articular end of a bone. 

(i) Epicondyle—a small eminence of 
bone above the condyle, usually roughened. 

(j) Coracoid—a beaklike process. 

(k) Coronoid—a crownlike process. 

(1) Malleoulus—a _ club-shaped proc- 
ess. 


(9) Depressions Found on Bones: 

(a) Fossa—a pit or open cavity. 

(b) Facet or fovea—a smooth depres- 
sion on the surface of a bone for articulation 
with another bone. 

(c) Groove or sulcus—an elongated 
depression on the surface of a bone; a fur- 
row. 

(10) Other Terms Relating to Bones: 

(a) Fissure—a narrow slit between 
two bones. 

(b) Foramen—a hole or opening in a 
bone. 

(c) Sinus or antrum—terms used to 
designate a hollow space within a bone. 

(d) Meatus—a crooked canal. 


8-6. Cartilage. Cartilage is a living tissue 
which occurs in three forms; hyaline carti- 
lage, white fibrocartilage, and yellow or elas- 
tic cartilage. 

a. Hyaline cartilage, the most common of 
the three, appears as a bluish-white, trans- 
lucent substance. It is very flexible and 
somewhat elastic. In the early embryo the 
skeleton is composed of this type of carti- 
lage, but during fetal development most of 
this embryonic skeleton is replaced by bone. 
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Figure 8-9. Normal Development of Radiologically Important Bones and Epiphyses. (Courtesy, 
Am. Journal of Roentgenology, Radium Therapy and Nuclear Medicine.) 


However, in the adult, hyaline cartilage 
persists in the smooth articular surfaces of 
joints, in the costal cartilages, rings of the 
trachea and bronchi, as well as in the carti- 
lage of the nose. 

b. White fibrocartilage is exceptionally 
tough and resilient. It is found in pets or 
disks between the vertebrae where it pro- 
vides a cushioning effect. [f atteches tencoens 
and ligaments to hyaline variance 
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also found where limited movement occurs, 
for example, between the articular surfaces 
of the bones of the skull. 

c. Yellow or elastic cartilage is more flexi- 
ble and elastic than true hyaline cartilage. It 
oceurs where movement of cartilaginous 
structures 1s necessary, for example, in the 
epiglottis. Elastic cartilage is also found in 
tre larynx, external ear, and eustachian 
tuhe, 
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8-7. Arthrology: 

a. General. Bones of the skeleton meet in 
areas called joints or articulations. Accord- 
ing to the amount of movement they permit, 
joints are classified as immovable, slightly 
movable, and freely movable (see figure 8- 
10). 

(1) Immovable joints (synarthroses) al- 
low no appreciable movement, and the bones 
are fastened together by cartilage or fibrous 
tissue. The bones of the skull are united by 
one type of immovable joint called a suture. 

(2) Slightly movable joints (amphiar- 
throses) permit limited movement, and the 
bony surfaces are connected by fibrocarti- 
lage, often in the form of a disk. These joints 
are exemplified in the intervertebral spaces 
and in the symphysis pubis. 

_ (8) Freely movable joints (diarthroses) 
permit varying types of movement, as shown 
below. The articular surfaces of these bones 
are covered with hyaline cartilage and en- 
cased by an articular capsule ligament that 
is attached to both bones near the articulat- 
ing end. The cavity of the capsule contains 
synovial fluid which lubricates the joint. In 
some joints, an articular disk is also found 
between the articulating layers. Most joints 
. of the body are freely movable and may be 
classified as shown in table 8-1. 

b. Types of Joint Movement. Muscles are 
attached to bones by tendons (cords of white 
fibrous connective tissue). Muscles, on con- 
traction, provide the forces which, when 
transmitted to the bone, institute various 
movements. The different types of movement 
are described below. 

(1) Gliding Movement. Limited to a slid- 
ing of articular surfaces over each other. 

(2) Angular Movement: 

(a) Adduction. Movement toward the 
median plane of the body. 
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(b) Abduction. Movement away from 
the median plane of the body. 

(c) Flexion. Movement to decrease the 
angle between the parts. 

(d) Extension. Movement to increase 
the angle between parts. 

(e) Circumduction. Movement in which 
the bone circumscribes a pointed cone. The 
base of the cone is distal; the apex is the 
joint. 

(f) Rotation. The part turns about its 
own axis without changing position. 

(g) Special Movements: 

1. Pronation. To turn the palm of 
the hand (from the normal anatomical posi- 
tion) posteriorly. 

2. Supination. To turn the palm of 
the hand from posterior to anterior (to re- 
gain the normal anatomical! position). 

3. Inversion. To turn the sole of the 
foot inward. 

4. Eversion. To turn the sole of the 
foot outward. 


SECTION C—COMMON FRACTURES 


8-8. General. A fracture is the breaking of 
any part, especially a bone. The abbrevia- 
tion for fracture is Fx. Fractures are gener- 
ally classified as closed or open. A fracture is 
closed (simple) if the overlying skin is intact. 
Open or (compound) refers to a fracture in 
which there is an external wound leading to 
the break of the bone. 


8-9. Specific. Fractures are further classified 
by position, number of fragments, and direc- 
tion of fracture line. A transverse fracture 
is usually a straight-line break at right an- 
gles to the long axis of the bone. A spiral 
fracture has an S-shape fracture line. The 
fracture line of a longitudinal fracture 


Table 8-1. Classification of Freely Movable Joints. 





circumduction 


Saddle Carpometacarpal of thumb 
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Figure 8-10. Types of Joints. 


roughly parallels the long axis of the bone. 
An oblique fracture extends diagonally to 
the long axis of the bone. With an impacted 
fracture the broken ends, or fragments, are 
jammed firmly together. A greenstick frac- 
ture finds one side of the bone broken, the 
other side is bent. A comminuted fracture is 
one in which the bone is crushed or splin- 
tered into three or more fragments. A stel- 
late fracture is a fracture with a central 
point of injury, from which radiate numer- 
ous fissures. A buttonhole fracture is a frac- 
ture in which the bone is perforated by a 
missile. A compression fracture is produced 
by compression (figures 8-11, 8-12, and 8-18). 


SECTION D—BONES OF THE SKELETON 


8-10. General. The normal human body has 
approximately 206 bones (see table 8-2). This 


E) FRACTURE 


Figure 8-11. Fracture Types. 


SLIGHTLY MOVABLE 





FREELY MOVABLE 





includes the auditory ossicles and the patel- 
la, but excludes the small sesamoid bones. 


8-11. Specific. The skeleton is divided into the 
appendicular and the axial skeleton. The 
appendicular skeleton includes the bones of 
the upper and lower free extremities, the 
shoulder (pectoral girdle), and the pelvic gir- 
dle. The axial skeleton includes the bones of 
the skull, the vertebral column, the thoracic 
eee the auditory ossicles, and the hyoid 
one. 


SECTION E—OSTEOLOGY OF THE UPPER 
EXTREMITY 


8-12. The Hand. The skeleton of the hand 
(figures 8-14 and 8-15) is divided into three 
parts: the carpus, the metacarpus, and the 
phalanges. 


OPEN (COMPOUND) FRACTURE 
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Figure 8-12. Fracture Types. 


a. The carpus or wrist consists of eight 
carpal bones arranged in two rows. Those in 
the proximal row, from the lateral to the 
medial side of the hand, are the navicular, 
lunate, triangular, and pisiform. 

b. The navicular or scaphoid is the largest 
bone in the proximal row. Proximally it ar- 
ticulates with the radius, medially with the 
capitate and lunate, and distally with the 
greater and lesser multangular. 

c. The lunate or semilunar bone resembles 
a half-moon. It lies adjacent (medial) to the 
navicular. Proximally it articulates with the 
radius, laterally with the navicular, medial- 
ly with the triangular, and distally with the 
capitate and hamate. 

d. The triangular or triquetral bone is 
pyramidal in shape. Proximally it is separat- 
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Figure 8-13. Fracture Types. 


ed from the distal end of the ulna by a small 
triangular articular disk. Laterally it artic- 
ulates with the lunate, anteriorly with the 
pisiform, and distally with the hamate. 

e. The pisiform, the smallest of all the 
carpal bones, is located anterior to the other 
bones of the carpus. It articulates with the 
triangular. 

f. The carpals in the distal row are the 
greater multangular, lesser multangular, 
capitate, and hamate. 

g. The greater multangular or trapezium 
is located on the radial side of the carpus. 
Proximally it articulates with the navicular, 
medially with the lesser multangular and 
second metacarpal, and distally with the 
first metacarpal. 
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Table 8-2. Anatomical Classification of the Bones of the Human Skeleton. 





APPENDICULAR SKELETON 









Upper Extremities Bones 
Pectoral girdle Clavicle | 
Forearm Radius 


Carpals (8) 16 
Metacarpals (5) 10 
Phalanges (14) 28 


On 
ome 


Lower Extremities 





Pelvic girdle Innominate (fused iliun, 


ischium, and pubis) 





Leg Tibia 
Fibula 

Foot Tarsals (7) 14 
Metatarsals (5) 10 
Phalanges (14) 28 62 





AXIAL SKELETON 
Trunk Vertebral column 


Thoracic cage Ribs 24 
sternum _1 51 

Skull Cranial bones 8 
Facial bones 14 
Auditory ossicles 6 
Hyoid _1 29 


Grand total 206 
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h. The lesser multangular or trapezoid is 
the smallest bone in the distal row. Proxi- 
mally it articulates with the navicular, lat- 
erally with the greater multangular, medial- 
ly with the capitate, and distally with the 
second metacarpal. 

i. The capitate or os magnum is adjacent 
to the trapezoid and is the largest carpal 
bone. It articulates proximally with the na- 
vicular and lunate, distally with the second, 
third, and fourth metacarpals, laterally with 
the lesser multangular, and medially with 
the hamate. 

j. The hamate or unsiform is wedged be- 
tween the capitate and the triangular of the 
proximal row. The hamulus process is a 
hooklike process that arises anteriorly from 
the hamate. Proximally the hamate articu- 
lates with the lunate, medially with the tri- 
angular, laterally with the capitate, and dis- 
tally with the fourth and fifth metacarpals. 

k.. The metacarpus is the bony structure 
of the hand between the carpus and the phal- 
anges. It consists of five cylindrical long 

- bones, the metacarpals, which articulate 
proximally with the distal carpals and dis- 
tally with the proximal phalanges. The meta- 
carpals are numbered from one to five from 
the thumb to the little finger. 

l. The phalanges are the bones of the 
thumb and fingers. Each hand has 14 phal- 
anges, three in each finger and two in the 
thumb. In the fingers, the proximal row of 
phalanges articulates proximally with the 
metacarpals and distally with the middle row 
of phalanges. The middle row articulates 
proximally with the proximal phalanges and 
distally with the distal phalanges. In the 
thumb, the proximal phalanx articulates 
proximally with the first metacarpal and dis- 
tally with the distal phalanx. Bennett’s frac- 
ture is a longitudinal fracture of the first 
metacarpal bone running into the carpome- 
tacarpal joint, complicated by subluxation 
(stave of the thumb). 


8-13. The Forearm. The bones of the forearm 
(figure 8-16) are the ulna and radius. Both 
are long bones which articulate with each 
other at their proximal! and distal ends. 

a. The ulna located on the medial side of 
the forearm, is the longer bone. Its proximal 
end is thick and strong and forms most of the 
elbow joint (figure 8-17). It has two processes 
and two notches. Between the olecranon and 
coronoid processes lies the trochlear notch 
(semilunar notch) which accommodates the 
trochlea of the humerus. The radial notch on 
the lateral side of the coronoid process per- 
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Figure 8-14. The Hand. 


mits articulation with the radius. The distal 
end is much smaller than the proximal and 
has a head and a styloid process. Laterally 
the head articulates with the ulnar notch of 
the radius, and distally with the articular 
disk separating it from the wrist joint. 

b. The radius is located on the lateral side 
of the forearm, parallel to the ulna. The 
proximal end is small and has a head, neck, 
and tuberosity. The shallow cup or fovea 
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Figure 8-15. The Left Hand. 
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capitis on the proximal surface of the head 
articulates with the capitulum of the humer- 
us. On the broad medial surface, the head 
articulates with the radial notch of the ulna. 
Below the neck on the medial side is the radi- 
al tuberosity. The distal end is large and 
club-shaped and forms the largest part of 
the wrist joint. It has two articular surfaces: 
one broad area which articulates with two 
carpal bones, the navicular and lunate; and 
a smaller surface on the medial side, the ul- 
nar notch, which articulates with the ulna. 
Distally the lateral surface extends into the 
styloid process. Colles’ fracture occurs at 
the distal radius with posterior displacement 
of the distal fragments, a “silver fork de- 
formity.” 


8-14. The Arm. The bone of the arm is the 
humerus or arm bone (figure 8-18) the long- 
est and largest of the upper limb. 

a. Its proximal extremity has a hemi- 
spherical head. The anatomical neck sepa- 
rates the head from two large bony promin- 
ences: the greater tuberosity situated on the 
lateral aspect and the lesser tuberosity 
which is situated on the anterior surface. 
Between the two tuberosities is the bicipital 
or intertubercular groove. The surgical neck 
below the tuberosities is frequently the site 
of the fracture. 
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b. Proximally the shaft is almost cylindri- 
cal, but becomes flattened distally. Approx- 
mately in the middle lateral third of the 
shaft is the deltoid tuberosity. 

c. The broad distal extremity consists lat- 
erally of the capitulum and medially of the 
trochlea. The capitulum articulates with the 
fovea on the head of the radius, and the tro- 
chlea with the trochlear notch on the ulna. 
Proximal to these two eminences are the 
radial and coronoid fossae which receive the 
head of the radius and the coronoid process 
of the ulna, respectively, when the forearm 
is flexed. Posterior to the trochlea is the ole- 
cranon fossa which receives the olecranon 
process of the ulna when the forearm is ex- 
tended. On the sides of the distal end are the 
lateral and medial epicondyles. 


8-15. The Shoulder Girdle: 

a. General. The shoulder girdle attaches 
the free upper extremity (limb) to the trunk. 
The scapula has no direct or indirect connec- 
tion with its counterpart of the opposite 
side. It is only indirectly attached to the 
trunk by means of the clavicle, which closes 
the girdle ventrally (in front). The girdle 
remains open dorsally (in back) and is freely 
movable. 
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Figure 8-17. Left Elbow Joint. 


b. The Scapula: 

(1) The scapula (figure 8-19) or shoulder 
blade is a large flat, triangular-shaped bone 
with several marked processes. It is situated 
on the dorsal aspect of the thorax, to which 
it is attached by muscles only. It les between 
the levels of the second and seventh ribs, 
with its vertebral border about 2 inches lat- 
eral to the vertebral column. In thin sub- 
jects, it can be easily palpated. It has two 
surfaces, three borders, and three angles, 
which can be recognized. 

(2) The anterior surface of the scapula 
is directed toward the ribs, and is compara- 
tively smooth. It is marked by a concave and 
somewhat shallow depression termed the 
subscapular fossa. The posterior border is 
slightly convex and is divided into two une- 
qual areas by a narrow ridge or crest of bone 
called the spine. The spine of the scapula 
terminates laterally in a large triangular 
projection, the acromion process, which 
forms the tip of the shoulder and can be felt 
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through the skin. The portion above the 
spine is called the supraspinous fossa and 
that below it the infraspinous fossa. 

(8) The three borders are designated as 
the vertebral, the axillary, and the superior. 
The vertebral border is the longest and pre- 
sents a slight angle at the commencement of 
the spine. The upper or superior border is 
the shortest and is thin and sharp. At its lat- 
eral end there is a depression, the scapular 
notch, and a thick beaklike projection, the 
coracoid process. The coracoid process curls 
forward beneath the clavicle, and can be 
palpated in a depression on the thorax (the 
infraclavicular fossa). Frequently, in thin 
subjects it may form a rather prominent 
projection. The axillary border is the thick- 
est and lies close to the armpit or axilla. 

(4) The three angles are designated 
medial, inferior, and lateral. 

(a) The medial angle is formed by the 
a of the superior and vertebral bor- 
ers... 
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Figure 8-18. The Humerus. 


(b) The inferior angle is formed by the 
union of the vertebral and axillary borders. 

(c) The lateral angle, formed by the 
junction of the superior and axillary bor- 
ders, 1s the thickest part of the bone and is 
sometimes called the head of the scapula. 
The head presents a smooth slightly de- 
pressed articular surface, the glenoid fossa 
or cavity, which accommodates the head of 
the humerus. The glenoid lip is a fibrocarti- 
laginous rim attached around the margin of 
the glenoid cavity. The head is separated 
from the main portion (body) of the bone by a 
elas slightly constricted part called the 
neck. 
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c. The Clavicle. The clavicle or collarbone 
(figure 8-20) is a long slender S-shaped bone 
with a middle portion, the shaft or body, and 
two extremities. The sternal extremity is 
rounded. The acromial extremity is flat. The 
shaft or body has two surfaces, a superior 
and an inferior, separated by anterior and 
posterior borders. The medial two-thirds of 
the anterior border presents a convexity and 
the lateral one-third presents a concavity. 
The superior surface is comparatively 
smooth and subcutaneous and can be easily 
palpated. Near its sternal end, the inferior 
surface is marked by a broad roughened 
area called the costal tuberosity. Laterally, 
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Figure 8-19. The Left Scapula. 
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near the posterior border, is a well-marked 
roughened eminence, the conoid tubercle. 
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Figure 8-20. The Left Clavicle. 


SECTION F—ARTICULATIONS AND 
PALPATION POINTS OF THE UPPER 
EXTREMITY 


8-16. Shoulder Girdle: 

a. Sternoclavicular. The sternoclavicular 
is a gliding joint. The sternal end of the clav- 
icle articulates with the clavicular notch of 
the sternum and with the cartilage of the 
first rib. An articular disk of fibrocartilage 
is interposed between the clavicle and the 
sternum. | 

b. Acromioclavicular. The acromioclavi- 
cular is a gliding joint between the acromial 
end of the clavicle and the medial edge of the 
acromion process of the scapula. 

c. Movements of the Shoulder Girdle. The 
movements of the clavicle at the sternoclavi- 
cular joint are those of elevation, depres- 
sion, protraction (forward), retraction 
(backward), and circumduction. The move- 
ments of the scapula at the acromioclavi- 
cular joint are those of gliding and rotation. 


8-17. Upper Free Extremity: 
a. Shoulder. The shoulder is a ball-and- 
. socket joint between the head of the humerus 
and the glenoid cavity of the scapula. A fi- 
brocartilaginous lip (glenoid labrum) deep- 
ens the fossa. The movements allowed by the 
shoulder include flexion (swinging forward), 
extension, abduction, adduction, and circum- 
duction. 
b. Elbow. The elbow is a hinge joint. Tne 
semilunar (trochlear) notch of the uina artic- 
ulates with the trochlea of the humerus; and 
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the fovea capitis of the radius articulates 
with the capitulum of the humerus. The 
movements permitted by the elbow are those 
of flexion and extension. 

c. Proximal Radioulnar. The proximal ra- 
dioulnar is a pivot joint. The circumference 
of the head of the radius articulates with the 
radial notch of the ulna. The movements in- 
clude pronation and supination. 


8-18. Hand and Wrist: 

a. Intercarpal. These are gliding joints 
between the individual carpal bones. Very 
limited gliding movement is permitted at 
these joints. 

b. Carpometacarpal. The bases of the 
metacarpals are attached to the distal row 
of carpals. The greater multangular, at- 
tached to the first metacarpal, is a special 
joint (saddle) which gives man an opposable 
thumb. The movements allowed by this joint 
are flexion, extension, adduction, abduction, 
and circumduction. The joints between the 
carpus and the second, third, fourth, and 
fifth metacarpal bones are gliding, and their 
movements are limited to slight flexion and 
extension. | 

c. Intermetacarpal. The bases of the sec- 
ond, third, fourth, and fifth metacarpal 
bones are connected with one another. The 
intermetacarpal joints are gliding and per- 
mit only a slight gliding movement. 

d. Metacarpophalangeal. The heads of the 
metacarpals are joined to the proximal row 
of phalanges. They are condyloid joints. The 
movements allowed are flexion, extension, 
abduction, adduction, and circumduction. 

e. Interphalangeal. The joints between the 
phalanges are the interphalangeal. They are 
hinge-type joints, and the movements of the 
phalanges are flexion and extension (figure 8- 
21 and 8-22). 

f. Distal Radioulnar. The distal radioul- 
nar is a pivot joint between the head of the 
ulna articulating with the ulnar notch of the 
radius. The movements of the distal radioul- 
nar are pronation and supination. 

g. Wrist. The wrist is a condyloid joint. 
The navicular and lunate facets on the distal 
end of the radius articulate with the navicu- 
lar, lunate, and triangular bones. The move- 
ments allowed by the wrist are flexion, exten- 
sion, abduction, adduction, and circumduc- 
tion. 


8-19. Palpation Points of the Upper Extremi- 
ty. Palpation points of the upper extremity 
are shown in table 8-3 and in figures 8-21 and 


8-20. 
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Table 8-3. Palpation Points of the Upper Extremity. 





Distal extremity (base)--radius. 


Medial styloid process--ulna. 
Head--ulna. 
Posterior border of shaft--ulna. 


Olecranon process--ulna. 
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Figure 8-21. Palpation Points of the Upper 
Extremity. 


SECTION G—OSTEOLOGY OF THE LOW- 
ER EXTREMITY 


8-20. General. The bones of the lower extrem- 
ity may be divided into four groups. 

‘a. The pelvic girdle is composed of the two 
innominate or hip bones and the sacrum and 
coccyx bones. 


NOTE: The sacrum and coccyx are consid- 
ered as part of the vertebral column. 

b. The thigh (between the hip and knee) 
consists of the femur. The patella or knee 
cap is included here for convenience. 

ce. The leg (between the knee and the ankle) 
consists of the tibia or shin bone (medial 


1. Phalanges. 
2. Metacarpals--heads. 
3. Lateral styloid process--radius. 


Distal one-third of shaft--radius. 










Lateral epicondyles--humerus. 


Medial epicondyle--humerus. 





Acromion process--scapula. 






Coracoid process--scapula. 





14. Spine--scapula. 








Inferior angle--scapula. 





16. Vertebral border--scapula. 





17. Axillary border--scapula. 








Clavicle. 


portion) and the fibula or calf bone (lateral 
portion). 

d. The foot may be divided into three 
groups of bones: the tarsus (seven tarsal 
bones); the metatarsus or foot proper (five 
metatarsal bones); and the digits or toes (14 
phalanges). 


8-21. The Foot: 

a. The Tarsus. The tarsus is composed of 
seven bones, referred to collectively as the 
tarsal bones. The tarsal bones may be divid- 
ed into a proximal region consisting of the 
calcaneus, the talus, and the navicular; and 
a distal row (named from medial to lateral) 
consisting of the first, second and third cu- 
neiform bones and the cuboid. 

(1) The calcaneus (os calcis) or heel bone 
is the largest of the tarsal bones. Its large 
posterior end forms the heel and is marked 
by an expanded portion, the caleaneal tuber- 
osity. The medial surface is deeply concave 
and bears a small shelf-like projection, the 
sustentaculum tali. The calcaneal sulcus is a 
groove which is situated on the anterior and 
superior aspect of the os calcis. The sulci of 
the calcaneus and the talus form a canal, the 


sinus tarsi. 


(2) The talus (astragalus) is the second 
largest of the tarsal bones. It consists of a 
body, a head, and a neck. The superior aspect 
of the body presents an articular surface 
called the trochlea. The sulcus tali is a 
groove situated on the inferior aspect of the 
body. The head is the rounded anterior end 
which is received into the posterior concavi- 
ty of the navicular bone. 

(3) The navicular (scaphoid) bone is 
somewhat boat-shaped. It is situated on the 
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Figure 8-22. Correlation of External Landmarks and Bones—Upper Extremity. 


medial side of the foot, between the talus 
posteriorly and the cuneiform bones anteri- 
orly. Posteriorly, it presents an oval, con- 
cave articular surface for articulation with 
the rounded head of the talus. 

(4) The cuboid is a cube-shaped bone. it 
is situated on the latera! side of the foot, in 


front of the calcaneus and behind the fourth 
and fifth metatarsal bones. 

(5) The cuneiform bones are placed at 
the anterior portion of the tarsus, lying side 
by side between the navicular bone and the 
bases of che first three metatarsals. The first 
cuneiform bene is the largest. The second 
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cuneiform bone, the smallest, is placed with 
its base or broad end directed superiorly and 
its apex or thin end directed downwards. The 
third cuneiform bone is the second largest 
and, like the second cuneiform, its base is 
directed superiorly and its apex inferiorly. 

b. The Metatarsus. The foot proper is 
formed by the metatarsus. The metatarsal 
bones are numbered one through five, from 
the medial to the lateral side. Each metatar- 
sal bone consists of a shaft, or body, and two 
extremities. The base or proximal extremity 
is wedge-shaped, and the head or distal ex- 
tremity is rounded. The first metatarsal, 
which provides attachment for the great toe, 
is the strongest and shortest of the metatar- 
sal bones. It serves as the main support of 
the body when in the walking position. The 
large rounded head, which forms the “ball of 
the foot,” presents two grooves on its inferi- 
or or plantar surface on which glide two se- 
samoid bones in the tendon of the flexor hal- 
lucis brevis. The heads of the second and 
third metatarsals generally extend beyond 
the first. 

c. The Digits. The digits or toes are com- 
posed of 14 phalanges. There are two pha- 
langes in the great toe and three in each of 
the other toes (the proximal, the middle, and 
the distal). Each phalanx consists of a shaft 
and two extremities. The base or proximal 
extremity of each proximal phalanx presents 
a concave facet for articulation with the 
head of the corresponding metatarsal. The 
head presents a trochlear articular surface 
for articulation with the middle phalanx. 
The distal end of each distal phalanx is flat- 
tened and expanded and presents the ungual 
tuberosity for the support of the toenail. 

d. The Foot as a Whole. The bones of the 
foot are so arranged and adapted to each 
other that they form two distinct arches, the 
longitudinal arch and the transverse arch. 
These arches form a firm basis of support 
for the body in the standing position, give 
elasticity to the step, and accommodate the 
plantar blood vessels, nerves, tendons, and 
muscles. Abnormally high arches are called 
pes cavus. The longitudinal arch is the prin- 
cipal one, and can be seen when the foot is 
viewed from the medial or inner side. It con- 
sists of an anterior pillar, formed by the 
heads of the metatarsals; a posterior pillar, 
formed by the calcaneus; and a keystone, 
formed by the talus. The three cuneiform 
bones and the cuboid, with the proximal ends 
of the metatarsal bones, form the transverse 
arch. The “top”’ of the foot is referred to as 
the dorsal aspect; the “bottom” as the plan- 
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tar aspect. The term march fracture is often 
applied to a fracture of the distal portion of 
the second and third metatarsals, without a 
history of trauma (figures 8-23 and 8-24). 
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Figure 8-23. Right Foot. 
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Figure 8-24. The Left Foot. 


8-22. The Leg: 

a. General. Anatomically, the word leg is 
reserved for that portion of the lower ex- 
tremity between the knee and the ankle. The 


leg has two bones, the tibia and the fibula 


(figure 8-25). 


8-22 


b. The Tibia. The tibia or shin bone is situ- 
ated in the medial portion of the leg. It is a 
long bone consisting of a shaft and two ex- 
tremities. 

(1) The superior extremity is expanded 
into the medial and lateral condyles. Be- 
tween the condyles is a projection called the 
intercondyloid eminence. Inferior to the con- 
dyles on the anterior aspect of the upper ti- 
bia is a roughened prominence called the 
tuberosity of the tibia. The fibular facet is 
situated on the posteroinferior aspect of the 
lateral condyle. The shaft or body is some- 
what triangular in shape and presents three 
borders and three surfaces. The anterior 
border, the most prominent one, is sharp and 
is called the anterior crest. The interosseous 
crest or lateral border is directed toward the 
interosseous crest of the fibula, and gives 
attachment to the interosseous membrane 
connecting the tibia and fibula. 

(2) Situated on the distal extremity is a 
process called the medial malleolus, which 
forms the prominence on the medial side of 
the ankle. The fibular notch is a small de- 
pression on the lateral border of the distal 
end of the tibia. The inferior articular sur- 
face of.the tibia is quadrilateral in shape. 

ce. The Fibula. The fibula or calf bone is 
situated on the lateral side of the leg. It is a 
long slender bone consisting of a shaft and 
two extremities. The proximal extremity is 
somewhat rounded and is called the head. 
The fibular styloid process projects from the 
superior surface of the head. The distal end, 
called the lateral malleolus, forms the prom- 
inence on the lateral side of the ankle. A 
common fracture occurring in the leg is 
called Pott’s fracture. This is a fracture of 
the distal fibula with frequent involvement 
of the medial malleolus of the tibia. 


8-23. The Thigh: 

a. The Femur. The femur is the longest 
and strongest bone in the body, and extends 
from the hip joint to the knee joint. The fe- 
mur consists of a shaft and two extremities, 
superior and inferior (figure 8-26). 

(1) The superior extremity bears a 
rounded prominence, the head. On the round- 
ed head is an ovoid depression called the fo- 
vea capitis femoris. The head is attached to 
the shaft by the neck. At the junction of the 
neck and the shaft of the femur is a rough- 
ened prominence called the greater trochan- 
ter, which can be felt through the skin. Inte- 
rior to the greater trochanter and situated 
on the posicrior and medial aspect ef the 
bone is an eminence named tre lesser tro- 
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Figure 8-25. Left Tibia and Fibula. 


chanter. The two trochanters are connected 
posteriorly by a prominent ridge called the 
intertrochanteric crest, and anteriorly by a 
Nae prominent ridge, the intertrochanteric 
ine. 

(2) The posterior surface of the shaft is 
marked by a prominent longitudinal ridge or 
crest, the linea aspera, presenting an inner 
and an outer lip. The inferior or lower ex- 
tremity presents two condyles, the lateral 
and medial, and the patellar facet. The con- 
dyles are separated on the posterior surface 
by the intercondyloid (intercondylar) fossa. 
Each condyle is surmounted by an elevation, 
the lateral and medial epicondyles. Above 
the condyles and the intercondyloid fossa on 
the posterior aspect is a triangular area 
called the popliteal surface. 

b. The Patella. The patella or knee cap is a 
sesamoid bone developed in the extensor ten- 
don of the knee and is situated on the front 
of the knee joint. It is somewhat triangular 
in shape, with its pointed apex directed infe- 
riorly and its broad base superiorly. The 
posterior surface presents a smooth oval 
articular surface for articulation with the 
vatellar faeet and the condyles of the femur. 
The anterior surface 1s convex and rough 
(hHoure 8-27), 
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Figure 8-26. The Right Femur. 


8-24. The Pelvic Girdle or Pelvis: 

a. General. The pelvic girdle (figure 8-28) 
or pelvis is a complete bony girdle made up 
of the two innominate bones laterally and in 
front, and the sacrum and coccyx behind. 
The two innominate bones are joined anteri- 
orly at the symphysis pubis. Posteriorly, the 
iliac portions of the innominate bones are 
joined to the sacrum at the sacroiliac joints. 
The pelvis is divided by an oblique plane 
which passes through the prominence of the 
sacrum (sacral promontory), the arcuate 
lines, and the upper margins of the symphys- 
is pubis. Above this plane is the greater or 


false pelvis, and below is the lesser or true 
pelvis. The circumference of this plane is 
termed the pelvic brim or ring. 

b. The Innominate (Coxal or Hip) Bone. 
The innominate bone consists of three parts, 
the ilium, ischium, and pubis (figure 8-29). 
These are three separate, distinct bones in 
the young subject, but are fused and consoli- 
dated in the adult. The bodies of these three 
portions meet and unite in and around a 
large cup-shaped socket, the acetabulum, 
which is situated near the middle of the lat- 
eral surface of the bone. The ilium or flank 
bone is the upper expanded portion of the 





Figure 8-27. Left Knee Joint. 


bone, and its body forms the upper two-fifths 
of the acetabulum. The ischium forms the 
lower and back part of the bone; its body 
also contributes about two-fifths to the ace- 
tabulum. The pubis forms the anterior and 
inferior portion of the bone, and its body 
contributes one-fifth to the acetabulum. 

(1) The ilium is divided into a body anda 
flared portion called the ala or wing. The 
upper border of the ala is called the iliac 
crest. This crest terminates anteriorly as 
the anterior superior iliac spine (ASIS), be- 
low which is situated the anterior inferior 
iliac spine (AIIS). The crest of the ilium ter- 
minates posteriorly as the posterior superi- 
or iliac spine (PSIS), below which is situated 
the posterior inferior iliac spine (PIIS). The 
greater sciatic notch is situated below the 
posterior superior iliac spine. The internal 
or medial surface of the ilium presents a 
large, smooth concave depression, called the 
iliac fossa. Behind the iliac fossa is a rough 
surface, divided into two portions. The supe- 
rior portion is the iliac tuberosity, and tne 
inferior portion is the auricular surface. The 
inferior boundary of the iliac fossa is indi- 
cated by a curved line, the arcuate line, 
which marks the ‘inferior boundary of the 
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major or false pelvis. The obturator foramen 
is a large aperture situated between the is- 
chium and the pubis and inferior to the ace- 
tabulum. 

(2) The ischium is composed of a central- 
ly located body, a superior ramus, and an 
inferior ramus. The ischial spine projects 
posteriorly from the body. Situated below 
the spine is the lesser sciatic notch. The su- 
perior ramus branches downward from the 
body. The ischial tuberosity is situated on 
the posterior aspect of the superior ramus. 
The inferior ramus ascends from the superi- 
or ramus and joins the inferior ramus of the 
pubis. 

(3) The pubis is divided into a centrally 
located body, a superior ramus, and an infe- 
rior ramus. The superior ramus projects 
anteromedially from the body. The lateral 
portion of the superior ramus (nearest the 
body) is marked by a rough iliopectineal 
eminence which indicates the fusion of the 
ilium and the pubis. The medial portion pre- 
sents a pubic tubercle on its upper border. 
The symphysial surface is the articulating 
surface by means of which the two public 
bones sre jointed. 
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Figure 8-28. The Pelvic Girdle. 


SECTION H—ARTICULATIONS OF THE 
LOWER EXTREMITY 


8-25. Articulations and Movements of the 
Lower Extremity. The study of the articula- 
tions and movements of the lower extremity 
are described below. 

a. Sacroiliac. The sacroiliac joint is 
formed by the union of the auricular sur- 
faces of the sacrum and the ilium. It is a 
slightly movable joint. 

b. Symphysis Pubis. The symphysis pubis 
is formed by the junction of the symphysial 
surfaces of the pubic bones. The pubic fibro- 
cartilaginous lamina is interposed between 
the symphysial surfaces. It is a slightly 
movable joint. 

ce. Hip. The hip is formed by the head of the 
femur articulating with the acetabulum of 
the innominate bone. It is a ball-and-socket 
joint. The movements permitted by the hip 
include flexion (swinging forward), exten- 
sion, abduction, adduction, rotation, and cir- 
cumduction. 


d. Knee. The knee may be considered as 
consisting of three joints in one. 

(1) Two condyloid articulations between 
the lateral and medial condyles of the femur 
articulating with the corresponding articu- 
lar facets of the condyles of the tibia. The 
movements are flexion and extension, hinge 
type. 

(2) The patellofemoral articulation 
between the posterior surface of the patella | 
and the patellar facet of the femur. This 
joint is best described as gliding. 

e. Superior Tibiofibular. This is the joint 
between the lateral condyle of the tibia and 
the head of the fibula. It is a gliding joint, 
limited to a slight gliding movement. 

f. Tibiofibular Syndesmosis. This joint is 
formed by the junction of the distal end of 
the fibula and the fibular notch of the tibia. 
It is a slightly movable joint. 

g. Ankle Joint. The ankle joint is between 
the body of the talus articulating with the 
ankle mortise. The mortise is the archlike 
structure formed by the medial malleolus 
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Figure 8-29. The Innominate Bone. 
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and inferior articular surface of the tibia 
and the lateral malleolus of the fibula. The 
ankle is a hinge joint. The movements per- 
mitted are flexion and extension. 

h. Foot: 

(1) Intertarsal. The intertarsal articu- 
lations are between the individual tarsal 
bones. They are of the gliding type. 

(2) Tarsometatarsal. The tarsometatar- 
sal articulations are between the bases of 
the metatarsals and the distal row of tarsal 
bones. They are gliding joints. 

i. Intermetatarsal. The intermetatarsal 
articulations are between adjacent bases of 
the metatarsals. They are gliding joints. 

j. Metatarsophalangeal. The metatarso- 
phalangeal joints are between the heads of 
the metatarsals articulating with the bases 
of the proximal phalanges. They are condyle- 
like articulations. The movements permitted 
are flexion and extension. 

k. Interphalangeal. The interphalangeal 
joints are between the proximal and middle 
phalanges. They are hinge joints. The move- 
ments permitted are flexion and extension. 


8-26. Palpation Points of the Lower Extremi- 
ty. Palpation points of the lower extremity 
are shown in table 8-4 and in figure 8-30. 


SECTION I—OSTEOLOGY OF THE VER- 
TEBRAL COLUMN 


8-27. The Vertebral Column: 

a. General. Twenty-six vertebrae (bones) 
make up the vertebral column. The verte- 
brae are grouped under the names cervical, 
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thoracic, lumbar, sacral, and coccygeal, ac- 
cording to the regions they occupy. When 
viewed from the side (figure 8-31), the verte- 
bral column presents four normal curves 
which correspond with the different regions 
of the column—cervical, thoracic, lumbar, 
and sacral (or pelvic). The cervical curve is 
convex anteriorly, the thoracic curve is con- 
cave anteriorly, the lumbar curve is convex 
anteriorly, and the sacral curve is concave 
anteriorly. The thoracic and sacral curves 
are termed primary curves (they develop 
before birth); they are sometimes indicated 
as the accommodation curvatures because 
they tend to increase the size of the thoracic 
and pelvic cavities. The cervical and lumbar 
curves are known as secondary curves (they 
develop after birth). The cervical curve de- 
velops when the infant is able to hold up its 
head (at 3 or 4 months) and to sit upright (at 
about 9 months). The lumbar curve develops 
when the child begins to walk (at 12 to 18 
months). In addition to these alternate cur- 
vatures, the vertebral column normally has 
a slight lateral curvature when viewed from 
the anterior aspects. In most cases, the con- 
vexity of the lateral curvature is directed 
toward the right side and is associated with 
right-handedness; it is considered to be pro- 
duced by the normal pull of the muscles. 

b. Abnormal Curves of the Vertebral Col- 
umn. A complex lateral curvature of the en- 
tire vertebral column is called scoliosis. An 
exaggerated dorsal curvature is called ky- 
phosis or “humpback.” Exaggerated curva- 
ture of the lumbar region is called lordosis or 
swayback. 


Table 8-4. Palpation Points of the Lower Extremity. 


1. Phalanges. ll. Head--fibula. 


a Metatarsals (head of one called 12. 
"ball of the foot"). 
13. Medial epicondyle--femur. 
3. Superior bony prominence-- foot. 


Lateral malleolus--fibula. 






Lateral epicondyle--femur. 










14. Popliteal fossa--soft tissue. 








15. Greater trochanters--femurs. 









16. Superior portion of Symphysis 
pubis--pubic portions of 
the innominate bones. 





Medial malleolus--tibia. 






Anterior crest--tibia. 
















17. Iliac crests--innominate bones. 





Tibial tuberosity. 







18. Anterior Superior Iliac 
Spines--innominate bones. 


19. Ischial tuberosities. 






Apex--patella. 


Base--patella. 
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Figure 8-30. Correlation of External Landmarks and Bones—Lower Extremity. 
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c. Numbering System for Vertebrae. Ver- 
tebrae are generally designated by region 
and number. For convenience, abbreviations 
are used. Beginning superiorly at the first 
cervical vertebra or atlas, the abbreviation 
is C-1; the second cervical vertebra or axis is 
C-2; and then continue inferiorly to C-7. 
Because C-7 has a prominent spine, it is 
called cervicales prominens. In the thoracic 
or dorsal region, the abbreviations are T-1 
(or D-1), down to T-12 (or D-12). The verte- 
brae in the lumbar region are abbreviated L- 
1 inferiorly to L-5. 
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8-28. Functions of the Vertebral Column. The 
vertebral column functions as a strong pil- 
lar for the support of the trunk and the cra- 
nium, provides articular surfaces for the at- 
tachment of the ribs, and affords protection 
for the spinal cord and the roots of the spi- 
nal nerves. It transmits the weight of the 
trunk to the inferior extremities and, al- 
though forming a continuous support-bear- 
ing column, it is flexible enough to permit 
bending of the trunk in various directions. 
The vertebral canal, which follows the dif- 
ferent curves of the column, accommodates 
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Figure 8-31. The Vertebral Column. 
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and protects the spinal cord; it is formed by 
the superimposition of the vertebrae, in each 
of which there is a vertebral foramen. De- 
spite its flexibility, the vertebral column is 
sufficiently firm and strong to serve as a 
base for the origin of many ligaments and 
muscles, and as a lever for the spinal mus- 
cles which function to maintain the upright 
position of the trunk. 


8-29. Vertebral Structure: 

a. General. Most of the vertebrae have a 
similar general structure; that is, they all 
present certain characteristics. Thus cer- 
tain ones can be used as a pattern, or typical 
vertebra. In spite of this general similarity, 
the vertebrae in the different regions are so 
modified and present characteristics so pe- 
culiar to the region which they occupy that, 
when examined separately, it is possible to 
determine the region to which each belongs. 

b. Typical Vertebrae. Except for slight 
modifications due to position and function, 
all of the typical vertebrae (figure 8-32) have 
the same general structure. They are indi- 
cated as follows: C-3 to C-7, T-1 to T-12 (D-1 
to D-12), and I-1 to L-5. 


(1) Atypical vertebra is composed of: 

(a) A centrum or body which is the 
disklike central portion. 

(b) The neural arch which is made up 
of two roots or pedicles and two laminae. 

(c) The vertebral foramen—an open- 
ing behind the body which is bounded lateral- 
ly and posteriorly by the neural arch and 
anteriorly by the body. The apposition of all 
the vertebrae forms the vertebral canal 
which accommodates the spinal cord. 

(d) The vertebral notches, one on the 
superior border of each pedicle and one on 
the inferior border, which, by the apposition 
of the adjacent vertebrae, form the interver- 
tebral foramina for the transmission of the 
spinal nerves and vessels. 


(e) The processes consist of the fol- 
lowing: 

1. Aspinous process which is direct- 
ed dorsally, and is formed at the junction of 
the two laminae. 

2. Two transverse processes which 
project laterally, and are formed at the junc- 
tion of the pedicles and laminae. 

3. Two superior articular (aponhy- 
seal) processes which project upward and 
face dorsally. 

4. Two inferior articular (apopny- 
seal) processes which protest devrward and 
face ventra:'y. 
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(2) A typical vertebra articulates with 
contiguous vertebrae as follows: 

(a) The superior and inferior surfaces 
of the body articulate with the bodies of the 
adjacent superior and inferior vertebrae, 
respectively, through intervertebral disks of 
elastic fibrocartilage interposed between the 
bodies of the vertebrae to act as cushions. 

(b) The facets of the superior articu- 
lar processes articulate with the facets of 
the inferior articular processes of the verte- 
bra above. These articulations are referred 
to as apophyseal joints. 

(c) The facets of the inferior articular 
processes articulate with the facets of the 
puperoe articular processes of the vertebra 

elow. 


8-30. Differentiating Characteristics of Typi- 
cal Vertebrae By Regions: 

a. Cervical Vertebrae [figure 8-32(A)]. C-3 
to C-7 have small oval-shaped bodies and 
their spinous processes are short and gener- 
ally bifid (cleft). All of the cervical vertebrae 
have a hole in the transverse process called 
the transverse foramen. 

b. Thoracic (Dorsal) Vertebrae [figure 8- 
32(B)]. T-1 to T-12 (D-1 to D-12) have large 
bodies. Their spinous processes point inferi- 
orly, and all of them present facets or demi- 
facets on the lateral aspects of their bodies. 

ec. Lumbar Vertebrae [figure 8-32(C)]. L-1 
to L-5 have very large bodies. Their spinous 
processes are broad and project horizontal- 
ly. The superior articular process presents 
on its posterior margin the mammillary 
process. 


SECTION J—ATYPICAL VERTEBRAE 


8-31. General. Atypical vertebrae (figure 8- 
33) are those vertebrae whose structure is 
highly modified by function and position. 
They consist of the first cervical vertebra 
(C-1) or atlas, the second cervical vertebra 
(C-2) or axis, the sacrum, and the coccyx. 


8-32. The Atlas: 

a. The first cervical vertebra (C-1) is 
named the atlas because it supports the head 
(igure 8-33(A)]. It is characterized by the 
absence of a body and a spinous process, and 
consists of an anterior and posterior arch, 
two Jateral masses, and a vertebral foramen. 
‘he anterior surface of the anterior arch 
presents a slight projection, the anterior 
tubercle, The nusterior surface is marked by 
adestal facet for articulation with the dens 
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or odontoid process of the axis. On the supe- 
rior surface are two grooves for the verte- 
bral arteries. The lateral masses are the 
most bulky and solid part of the atlas. On the 
superior surface are two grooves for the 
vertebra! arteries. The lateral masses are 
the most bulky and solid part of the atlas. On 
the superior surface of each lateral mass are 
the superior articular processes for articu- 
lation with the condyles of the occipital 
bones; on the inferior surfaces are the inferi- 
or articular processes for articulation with 
the superior articular processes of the axis. 
The transverse processes are perforated by 
a transverse foramen. The vertebral fora- 
men is larger than in other vertebrae. It is 
bounded anteriorly by the anterior arch, 
posteriorly by the posterior arch, and later- 
ally by the lateral masses. 

b. The morphology of the atlas affords 
freedom of movement of the skull. The body 
of the atlas is transferred to the axis (second 
cervical vertebra) where it becomes the dens 
which articulates with the dental facet of 
the anterior arch, thus making possible the 
rotary movements of the skull. The superior 
articular surfaces are directed upward and 
are concave for the reception of the condyles 
of the occipital bones, permitting flexion and 
extension and some abduction of the skull. 


8-33. The Axis. The second cervical vertebra 
(C-2) is named the axis or epistropheus be- 
cause it forms the pivot upon which the atlas 
rotates when the head is turned from side to 
side [figure 8-33(B)]. The axis differs primari- 
ly froma typical vertebra by the presence of 
a tooth-like projection, called the dens or 
odontoid process, which rises perpendicular- 
ly from the upper surface of the body. On its 
anterior surface, the dens presents an oval 
facet for articulation with the dental facet 
on the anterior arch of the atlas. On its pos- 
terior surface is a shallow groove which re- 
ceives the transverse ligament of this artic- 
ulation. The relationship of the atlas and 
axis to the skull and other cervical vertebrae 
is Shown in figure 8-34. 


8-34. The Sacrum. In the adult, the sacrum is 
a single bone formed by the fusion of the five 
sacral segments [figure 8-33(C)]. It is a large 
wedge-shaped (triangular) bone situated in 
the lower part of the vertebral column and 
at the upper and back part of the pelvic cavi- 
ty, where it is wedged between the two hip 
bones. Its base or superior surface is direct- 
ed upward and its apex is directed downward. 
In the center, the base presents the kidnev- 
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shaped body; behind this is the superior 
opening of the sacral canal whichis bounded 
laterally by the articular processes. The 
sacral promontory is a preminent ridge at 
the upper anterior margin of the body. The 
body articulates with the body of L-5 to form 
the lumbosacral articulation. On either side 
of the body is a winglike surface called the 
ala (wing) of the sacrum. The dorsal surface 
of the sacrum is rough and convex. In the 
middle line, the dorsal surface displays a 
ridge, the median sacral crest, made up of 
three or four rudimentary spinous processes 
which are more or less fused to form the 
crest. There are four posterior sacral foram- 
ina which transmit several sacral nerves. 
The ventral or pelvic surface of the sacrum 
is smooth and concave. The anterior sacral 
foramina transmit some of the _ sacral 
nerves. The lateral surface or margin of the 
sacrum presents in front an earshaped sur- 
face, the auricular surface, for articulation 
with the auricular surface of the ilium. 


8-35. The Coccyx. The cocyx usually con- 
sists of three to five rudimentary coccygeal 
segments which fuse in adult life [figure 8- 
33(D)]. From its base downward to its apex, 
the coecyx diminishes in size. It curves down- 
ward and forward from its articulation with 
the sacrum, often deviating from the median 
plane of the body. 


8-36. Vertebral Landmarks. The important 
landmarks of the vertebral column are 
shown in figure 8-38. 


ae K—OSTEOLOGY OF THE THO- 


8-37. General. The bony thorax (figure 8-35) 
is a conically-shaped cage formed by the 
sternum and costal cartilages, the 12 pairs 
of ribs, and the bodies of the 12 thoracic ver- 
tebrae. The thorax constrains, and protects 
from injury, the heart, the lungs, and the 
great vessels. It serves for the attachment 
of muscles and acts as a mechanical agent in 
the breathing process. The shape and mobili- 
ty of the ribs make possible the enlargement 
of the thoracic cavity when they are elevat- 
ed. The bony thorax, together with the inter- 
costal muscles, plays an important part in 
respiration. 


8-38. The Sternum. The sternum or breast- 
bone is an elongated, flattened bone, situated 
in the median line in the front of the chest 
(figure 8-35). It consists of three parts, 
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named from above downward, the manu- 
brium, the body or gladiolus, and the ensi- 
form or xiphoid process. The superior border 
of the manubrium presents three notches, 
the middle jugular or presternal notch and 
two lateral clavicular notches for the recep- 
tion of the sternal ends of the clavicles. The 
inferior border of the manubrium articu- 
lates with the superior border of the body of 
the sternum forming an angle, called the 
sternal angle or angle of Louis, which may 
be readily palpated. The sternal angle marks 
the position of the second rib as well as the 
junction of the manubrium and the body. The 
ensiform or xiphoid process, the smallest of 
the three parts, varies much in form; it may 
be partly or wholly cartilaginous, perforat- 
ed by a foramen, broad and thin, pointed, 
bifid, or deflected considerably to one side or 
another. 
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8-39. Articulations of the Sternum. The ster- 
num articulates on either side with the clavi- 
cle at the clavicular notch and with the up- 
per seven costal cartilages at the costal 
notches on the lateral border of the manu- 
brium. 


8-40. The Ribs: 

a. There are 12 pairs of ribs (figure 8-35). 
They are named from above downward as the 
first, second, third, fourth, et cetera, and as 
the right or the left. The first, eleventh, and 
twelfth ribs articulate posteriorly with the 
body of the corresponding vertebrae, while 
the remaining ribs articulate with the corre- 
sponding vertebrae as well as with the verte- 
brae immediately above. The first seven 
pairs are the true or sternal ribs; their ante- 
rior extremities articulate with the sternum 
by means of the costal cartilages. The re- 
maining five are the false or asternal ribs; 
they are not connected directly to the ster- 
num. The eighth, ninth, and tenth have their 
cartilages attached to the cartilage of the 
rib above, and are called the vertebrochon- 
dral ribs. The eleventh and twelfth ribs are 
free at their anterior extremities and are 
floating or vertebral ribs. 

b. Atypical rib (figure 8-36) possesses the 
following common characteristics. 

(1) A vertebral extremity which pre- 
sents for examination a head that articulates 
with the superior demifacet of the corre- 
sponding vertebra and the inferior demifa- 
cet of the vertebra above; a short constrict- 
ed part called the neck; and a tubercle, con- 
sisting of a medial articular portion and a 
lateral nonarticular portion. The articular 
portion is for articulation with the costal pit 
or depression on the transverse process of 
the corresponding thoracic vertebra. The 
nonarticular portion is for the attachment 
of ligaments. 

(2) A body or shaft—the long, flattened, 
curved part of the rib. It is marked by an 
angle and a costal groove. 

(3) A flattened sternal extremity which 
is marked by an oval pit into which the cos- 
tal cartilage is received. 

ec. Landmarks and palpation points of the 
trunk are shown in table 8-5 and in figures 8- 
37 and 8-38. 


SECTION L—OSTEOLOGY OF THE SKULL 


8-41. General. The skull (figure 8-39) is sup- 
ported by the vertebral column. It is divided 
into two parts—the cranium, which lodges 
and protects the brain, and the facial skele- 
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ton. The cranium is composed of eight bones 
—one frontal, two parietal, two temporal, 
one occipital, one sphenoid, and one ethmoid. 
The facial skeleton is composed of 14 bones 
—two nasal, two lacrimal, two zygomatic, 
two maxillae, two palatine, two inferior na- 
sal conchae, one vomer, and one mandible. 


8-42. Individual Cranial Bones: 

a. Frontal. The frontal bone consists of 
two portions: a vertical portion, the squama, 
which constitutes the region of the forehead; 
and an orbital or horizontal portion, which 
enters into the formation of the roofs of the 
orbits and the nasal cavity. 

(1) The external surface of the squama 
is smooth and convex anteriorly. Above the 
orbits are two arched elevations, the super- 
ciliary arches, which are joined by the gla- 
bella. The frontal sinuses are situated inter- 
nally behind the glabella. The supraorbital 
margin, which forms the upper boundary of 
each orbit, is perforated by a supraorbital 
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Table 8-5. Landmarks and Palpation Points of the Trunk. 


Thyroid cartilage--Sth and 6th 
cervical. 


Cricoid cartilage--C6. 


Jugular notch--2d and 3d dorsal. 


Sternal angle--4th and Sth dorsal. 


Xiphosternal Joint 
Dome of diaphragm--9th dorsal. 


6. Transpyloric plane--lst lumbar. 


notch or foramen. The supraorbital margins 
terminate in the zygomatic process. 

(2) The orbital portion consists of two 
orbital plates, which are separated by a me- 
dian gap, the ethmoidal notch. The orbital 
plates contribute to the formation of the 
roofs of the orbits and the nasal cavity. The 
ethmoidal notch is filled by the cribriform 
plate of the ethmoid bone. 

b. Parietal. The parietal bones are two 
flat bones that unite to form the sides and 
the roof of the cranium. The four borders are 
the sagittal (medial), squamous (lateral), 
frontal (anterior), and occipital (posterior). 
These borders form the frontal angle, the 
sphenoidal angle, the mastoid angle, and the 
occipital angle. 

ce. Temporal. Each of the two temporal 
bones consist of five divisions—the squama, 
the mastoid, tympanic, and petrous portions, 
and the styloid process. 

(1) The squama forms the anterior and 
superior portion of the temporal bone. The 
zygomatic process projects from the lower 
part of the squama, which presents inferior- 
ly a large oval depression, the mandibular 
fossa (glenoid fossa). 

(2) The mastoid portion constitutes the 
posterior part of the temporal bone. The 
mastoid process is a cone-shaped projection 
which provides attachment for several mus- 
cles. A coronal section of the mastoid reveals 
a large number of mastoid air cells and a 
tympanic antrum. 

(83) The tympanic portion is a curved 
plate lying below the squama and anterior to 
the mastoid process. The external acoustic 
(auditory) meatus (EAM) is situated in the 
tympanic portion. 

(4) The petrous portion (pars petrosa) 
resembles a pyramid hewn from rock. The 
base of the pyramid is fused with the iiter- 
nal borders of the mastaid ang squamous 


Lower costal margin--3d lumbar. 
Umbilicus--3d and 4th lumbar. 
Iliac crest--4th lumbar. 


10. Anterior--superior Iliac 
spine--2d sacral segment. 


11. Symphysis pubis 
Greater trochanter--coccyx. 





portions. The apex, which presents the ante- 
rior opening of the carotid (artery) canal, is 
directed medially and anteriorly. In most 
skulls, the petrous portions form approxi- 
mately a 45° angle with the side of the skull; 
and the apices, if extended, meet and form a 
90° angle. (NOTE: In some skulls, the angle 
formed by the petrous portions is not exactly 
45°. Refer to figure 10-75, chapter 10, for the 
angles formed in the three types of skulls.) 
The anterior and posterior surfaces of the 
pyramid meet superiorly to form a dense 
ridge, which is referred to in radiography as 
the petrous ridge. The level of the petrous 
ridge is about 1 1/4 inches above the apex of 
the mastoid tip. On the posterior surface, 
near the center, is a large orifice, the inter- 
nal acoustic meatus. Within the petrous por- 
tion are the auditory ossicles (the malleus, 
the incus, and the stapes) the cochlea, and 
the semicircular canals. The auditory ossi- 
cles and the cochlea are essential portions of 
the hearing mechanism, and the semicircular 
canals are concerned with equilibrium. The 
styloid process is a slender pointed process 
attached to the inferior surface of the tym- 
panic portion. 

d. Occipital. The occipital bone is at the 
posterior and inferior portion of the cra- 
nium. A large hole, the foramen magnum, 
pierces the occipital bone. The occipital bone 
is divided into three parts—the squama, be- 
hind the foramen magnum; the basilar por- 
tion, anterior to the foramen; and two later- 
al portions, one on each side of the foramen 
magnum. The curved expanded squama pre- 
sents externally the external occipital protu- 
berance (EOP). Situated on the internal sur- 
face of the squama, which is deeply concave, 
are the internal occipital protuberance and 
the grooves which lodge the blood sinuses. 
in the niferior surfaces of the lateral por- 
tiuns are the occipital condyles. The basilar 
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portion extends anteriorly and superiorly 
from the foramen magnum, and is attached 
to the body of the sphenoid bone. 

e. Sphenoid. The sphenoid bone is at the 
base of the skull in front of the temporals 
and the basilar part of the occipital. In form 
it resembles a bat with its wings extended. It 
is divided into a body, two great wings, two 
small (lesser) wings, and two pterygoid proc- 
esses. 

(1) The cubical-shaped body is hollowed 
out internally to form two large cavities, the 
sphenoidal air sinuses. On the superior sur- 
face of the body is the sella turcica (Turkish 
saddle). The sella turcica is bounded poster- 
iorly by an eminence, the dorsum sellae, 
which presents superiorly and laterally two 
posterior clinoid processes. Situated central- 
ly within the saddle is the pituitary fossa, 
which is for the reception of the pituitary 
gland. Anteriorly, the sella turcica is bound- 
ed by an eminence, the tuberculum sellae. 
Anterior to the tuberculum sellae is a trans- 
verse groove, called the optic (chiasmatic) 
groove, which terminates laterally in the 
optic foramen. Each optic nerve leaves the 
posterior aspect of the eye, goes through the 
optic foramen, crosses in the chasmatie 
groove (one half of the fibers du not cross), 
and terminates in the brain. 
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(2) The lesser wings project laterally 
away from the anterior aspect of the body 
and terminate medially as the anterior cli- 
noid processes. The optic foramen, situated 
in the back of the orbit, is part of the lesser 
wing. 

(3) The greater wings project anteriorly 
and laterally away from the body to form, in 
part, the posterior aspect of the orbit and a 
portion of the lateral walls and floor of the 
cranium. 

(4) The “legs” of the bat descend from 
the greater wings as the pterygoid process- 
es. 
f. Ethmoid. The ethmoid bone is between 
the two orbits. The bone is light and spongy 
In appearance and cubical in shape. It con- 
sists of four parts—a horizontal or cribri- 
form plate, a perpendicular plate, and two 
lateral masses. 

(1) The cribriform plate is a perforated 
plate that is received into the ethmoidal 
notch of the frontal bone and the roof of the 
nasal cavity. The olfactory nerves pass from 
the brain through the perforations and into 
the nasal cavity. The crista galli projects 
superiorly from the midline of the cribriform 
or horizontal plate. The fold of the dura 
mater dividing the hemispheres of the brain 
is attached to the crista galli. 

(2) The perpendicular plate is a thin 
plate that projects inferiorly from the cri- 
briform plate. The perp@ndicular plate is 
joined inferiorly with the vomer to help form 
the nasal septum. 

(8) The lateral masses or labyrinths 
consist of a large number of thin-walled cel- 
lular cavities. The spaces within these cells 
constitute the ethmoid sinuses. The superior 
and middle nasal conchae are spiral convo- 
luted plates projecting downward from the 
inner walls of the masses. 

g. Special Joints (Sutures) of the Cranial 
Bones. The cranial bones are held rigidly 
together by means of special interlocking, 
immovable joints, known as sutures. The 
most important of these sutures are—the 
sagittal, between the medial adjacent border 
of the two parietal bones; the coronal, be- 
tween the posterior border of the frontal 
bone and the anterior borders of the two par- 
ietal bones; the lambdoidal, between the pos- 
terior inferior border of the two parietal 
bones and the posterior superior border of 
the occipital bone; and the squamosal, be- 
tween the lateral inferior border of the par- 
letal and the upper squamous part of the 
temporal bone. The point of junction of the 
coronal and sagittal sutures is known as the 
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bregma and indicates the position of the 
anterior fontanelle in the fetal skull, which 
represents an unossified membranous inter- 
val between these bones before ossification 
1s complete (normally at about 18 months of 
age). The point of junction of the sagittal 
and lambdoidal sutures is the lambda; it indi- 
cates the position of the posterior fontanel. 


8-43. Individual Facial Bones: 

a. Nasal. The nasal bones are two small, 
oblong, flat bones that constitute the upper 
portion or bridge of the nose. The point at 
which they articulate with the frontal bone 
is called the nasion. 

b. Lacrimal. The lacrimal bones are two 
very thin, fragile bones situated at the front 
part of the medial walls of the orbits. 

c. Zygoma. The two zygomatic or malar 
bones form the prominence of the cheeks and 
contribute to the lateral walls and floor of 
the orbits. Each zygoma has several process- 
es—the frontal which projects superiorly; 
the temporal, which projects posteriorly; 
and the maxillary, which projects anteriorly. 

d. Maxillae. The upper jaw is formed by 
the union of the two maxillary bones. Each 
maxilla assists in forming the boundaries of 
the nasal cavity (the floor and lateral wall), 
the oral cavity (the roof), and the orbit (the 
floor). Each maxilla consists of a body and 
four processes—zygomatic, frontal, alveo- 
lar, and palatine. 

(1) The body contains a large cavity, the 
maxillary sinus or antrum of Highmore. The 
anterior surface of the body is perforated by 
the infraorbital foramen which transmits 
nerves and blood vessels. Medially and ante- 
riorly there is a sharp process which with its 
fellow of the opposite side constitutes the 
anterior nasal spine. The top of the body, the 
orbital surface, is a smooth triangular sur- 
face that forms the greater part of the floor 
of the orbit. The nasal surface presents a 
large opening which leads into the maxillary 
sinus. A deep groove, the lacrimal groove, is 
situated in front of the sinus opening. This 
groove, along with the lacrimal bone, consti- 
tutes the canal that transmits the nasolacri- 
mal duct. Tears from the lacrimal sac of the 
eye are drained through the nasolacrimal 
duct into the nasal cavity. 

(2) The zygomatic process is a rough 
triangular eminence which joins the zygoma. 
The frontal process projects superiorly from 
the body. It is connected to the frontal bone 
and one of the nasal bones. The alveolar 
process is a thick spongy ridge of bone that 
contains the cavities for the reception of the 
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upper teeth. The palatine process forms a 
considerable portion of the floor of the nasal 
cavity and the roof of the mouth. When the 
two maxillae are joined together, the incisive 
foramen is seen on the midline at the anteri- 
or border of the palatine process. 

e. Palatine. The palatine bones are two L- 
shaped bones that contribute to the forma- 
tion of the lateral wall of the nasal cavity 
and the roof of the mouth. Each palatine 
bone is divided into two parts, a vertical and 
ahorizontal. — 

f. Inferior Nasal Conchae. The inferior 
nasal conchae are two scroll-shaped bones 
attached to the nasal surface of the body of 
the maxilla. — 

g. Vomer. The vomer is a flat bone that 
contributes to the formation of the nasal 
septum. It is situated on the midline and is 
joined posteriorly with the body of the 
sphenoid, superiorly with the perpendicular 
plate of the ethmoid, and inferiorly with the 
palatine processes of the maxilla and the 
horizontal plates of the palatine bones. 

h. Mandible. The mandible or lower jaw 
bone is the largest bone of the face. It con- 
sists of a curved horizontal body and two 
perpendicular rami. The upper portion of 
each ramus is divided by a deep semilunar 
depression, the mandibular notch, and is 
surmounted by two processes—the coronoid 
and the condyloid. The coronoid process is 
situated anterior to the mandibular notch, 
and the condyloid process is situated poste- 
rior to the mandibular notch. The internal 
(medial) surface of the ramus presents the 
mandibular foramen. This foramen commu- 
nicates with a mandibular canal that lies: 
within the ramus and the body of the mandi- 
ble. Blood vessels and nerves to the teeth are 
accommodated by this canal. The junction of 
the posterior border of the body and the infe- 
rior border of the ramus marks the angle of 
the mandible. The anterior tip of the body is 
called the mental protuberance (chin). A 
mental foramen is situated on either side of 
the chin. Along the superior border of the 
body is the alveolar ridge, which is hollowed 
es for the reception of the lower 
teeth. 


8-44. Hyoid. The hyoid bone is a horseshoe- 
shaped bone, below the mandible and above 
the styloid processes of the temporal bone. It 
provides surfaces for the attachment of 
some of the tongue muscles. 


8-45. The Temporomandibular Joint. The 
temporomandibular articulation (joint) 
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(TMJ) is formed by the condyle of the mandi- 
ble and the mandibular fossa of the temporal 
bone. It is of the ginglymo-arthrodial varie- 
ty of joint. 


8-46. Aspects of the Skull: 

a. Anterior Aspect. When considered as a 
whole and viewed from the anterior or fron- 
tal aspect, the skull presents the following 
bony parts (figure 8-39). The forehead, 
formed by the squama of the frontal bone, 
exhibits two arched elevations, the superci- 
liary arches. Beneath each superciliary arch 
is a curved and prominent margin, the su- 
praorbital margin, on which is the supraor- 
bital notch or foramen. The supraorbital 
margins are joined medially to form the gla- 
bella. The zygomatic bone forms the promi- 
nence of the cheek. The infraorbital margin 
is formed by the zygomatic bone and by the 
maxilla. The eyes are embedded in orbits. 
Each orbit is a pyramidal-shaped cavity 
which presents for examination four walls, 
an apex, and a base which is formed by the 
supraorbital and infraorbital margins. The 
superior wall or roof is formed by the frontal 
and ethmoidal bones. The inferior wall or 
floor is formed by the maxilla, zygomatic, 
and palatine bones. The lateral wall is 
formed by the zygomatic and sphenoid 
bones. The medial wall is formed by the max- 
illa, lacrimal, and sphenoid bones. At the 
apex of the orbit is the optic foramen, a 
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Figure 8-39. Anterior View of the Skull. 
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short cylindrical canal which transmits the 
optic nerve and the ophthalmic artery. The 
inferior orbital fissure, which transmits 
nerves and blood vessels, is situated at the 
junction on the floor and the lateral wall or 
the orbit. At the junction of the roof and the 
lateral wall, near the apex of the orbit, is the 
supraorbital fissure which transmits several 
nerves. 

b. Lateral Aspect. The frontal, parietal 
occipital, temporal, sphenoid, ethmoid, lacri- 
mal, nasal, maxilla, zygomatic, and mandible 
bones are visible, in part, in the lateral view 
of the skull (figure 8-40). The prominent zy- 
gomatic arch, which is formed by the tempor- 
al process of the zygoma and the zygomatic 
process of the temporal, is noted. Posterior 
to the zygomatic process is the opening of 
the external acoustic (auditory) meatus 
(EAM) of the temporal bone. Posteroinfer- 
iorly to the external acoustic meatus is the 
mastoid process. 

ce. Inferior Aspect. The inferior or basal 
aspect of the skull (figure 8-41) presents the 
following bony parts, passing from the ante- 
rior to the posterior aspects. The hard pal- 
ate or roof of the mouth is formed by the 
palatine processes of the maxillae and the 
horizontal portions of the palatines, and is 
bounded in front and laterally by the alveo- 
lar processes of the maxillae. The bones 
which compose the hard palate fuse at the 
median palatine suture. The posterior por- 
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Figure 8-40. Lateral Aspect of the Skull. 


tion of the vomer can be seen. The occipital 
bone, situated at the back and base of the 
skull, presents the foramen magnum, the 
basilar part, and the occipital condyles. Ex- 
tending posteriorly and laterally from the 
foramen magnum is a flat expanded part 
named the squama, on which there is the ex- 
ternal occipital protuberance (EOP). The 
temporal bones are situated at the sides and 
base of the skull. The following structures of 
the temporal bones are visible. The apex of 
each mastoid tip is situated laterally. Ante- 
rior to the mastoid is the glenoid fossa. The 
styloid process is anterior and medial to the 
mastoid tip. Extending anteromedially from 
the base of the styloid process to the basilar 
portion of the occipital bone is the petrous 
portion of the temporal bone. 

8-47. Interior of the Cranial Cavity. The floor 
of the cranial cavity (figure 8-42) presents 
three fossae—the anterior, middle, and pos- 
terior cranial fossae. 

a. Anterior Cranial Fossa. The floor of the 
anterior cranial fossa, which supports the 
frontal lobes of the brain, is formed by the 
frontal, ethmoid, and sphenoid bones. The 
lateral portions of the anterior fossa corre- 
spond to the roofs of the orbits. The medial 
portion corresponds to the roof of the nasal 
cavity. 

b. Middle Cranial Fossa. The middle crani- 
al fossa, which is deeper than the anterior 


fossa, consists of a central or medial portion 
and two lateral portions. Situated centrally 
is the body of the sphenoid. The lateral parts 
of the middle cranial fossa are of considera- 
ble depth, and support the temporal lobes of 
the brain. The lateral portions are bounded 
anteriorly by the posterior margins of the 
lesser wings of the sphenoid and the orbital 
plates of the frontals; posteriorly by the 
petrous portions of the temporals; and later- 
ally by the squama of the temporals, the pa- 
nee and the greater wings of the sphen- 
oid. 

c. Posterior Cranial Fossa. The posterior 
cranial fossa is separated from the middle 
cranial fossa by the dorsum sellae of the 
sphenoid bone and the petrous portions of 
the temporal bones. It is the largest and 
deepest of the three fossae, and lodges the 
cerebellum, pons, and medulla oblongata. 


8-48. The Nasal Cavity. The nasal cavity is 
divided into two nasal chambers by a thin 
vertical wall, the nasal septum. (See figures 
8-43 and 8-44.) The anterior portion of the 
septum is cartilage, and the posterior por- 
tion is bone. The bony septum is formed an- 
terosuperiorly by the perpendicular plate of 
the ethmoid bone, and posteroinferiorly by 
the vomer. The floor is formed by the maxilla 
and palatine bones. The paranasal sinuses 
(figure 8-45) are those which communicate 
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Figure 8-41. Skull. 


with the nasal cavity. These sinuses are 
lined with ciliated mucous membrane and 
normally contain air. They are the sphenoi- 
dal, the ethmoidal air cells, the mawillary, 
and the frontal sinuses. On the lateral wail, 
bounded above by the conchae (turbinate 
bones), are three irregular passages, termed 
the superior, middie, and inferior meutuses 
of the nose. 


8-49. Landmarks and Pa!pation Points of the 
Skull. Landmarks and palpation points of 
the skull are shown in table s-6 and in figure 
8-46. 
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SECTION 
GIONS OF THE ABDOMEN 


8-50. Body Types. There are four major types 
of bodily habitus: 

a. Hypersthenie (figure 8-47). The body is 
large and heavy in weight, and the bony 
framework ts thick. 

b. Asthenic (figure 8-48). The body is slen- 
der and light in weight, and the bony frame- 
work is delicate. 

ce, Sthenie (figure 8-49). The body is similar 
to the hypersthenic type, but modified by the 
elongation of the abdomen and the thorax. 
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Figure 8-42. Interior of the Cranial Cavity. 


4 d. Hyposthenic (figure 8-50). The body is 8-51. The Abdomen. The abdomen is the large 

similar to the asthenic type, but the stom- body cavity, located inferior to the dia- 
ach, intestines, and gallbladder are situated phragm, which encloses the stomach, intes- 
higher in the abdomen. tines, liver, gallbladder, spleen, and genitou- 
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rinary organs. It differs from other body 
cavities in that it is bounded mainly by mus- 
cles and fasciae. As a result, it may vary in 
size and shape according to the condition of 
the viscera it contains. The abdominal cavi- 
ty is lined with a serous membrane, the peri- 
toneum, which covers the organs and pre- 
vents friction between them by secreting a 
serous fluid. Layers of peritoneum, called 
mesenteries, containing blood vessels and 
nerves, attach the viscera to the body wall. 


8-52. Regions of the Abdomen. For purposes 
of description, the abdomen is divided into 
nine regions (figure 8-51) by means of two 
horizontal and two vertical lines. The upper 
horizontal line passes through the tenth cos- 
tal cartilage inferiorly. The lower line pes- 
ses through the level of the upner border of 
the iliac crest. Fach vertial ire 
through a point tn:dway the teneth of a line 
drawn from the anterig: supericr iiac spine 
to the symphysis pii!:'s. 


MACROS 
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SECTION N—THE DIGESTIVE SYSTEM 


8-53. General: 

a. The digestive system receives complex 
food compounds and, by mechanical and 
chemical action, splits these compounds into 
simple molecules which diffuse through the 
wall of the intestine into the blood stream. 
The mechanical forces involved are mastica- 
tion (chewing), local rhythmical movements 
and peristalsis (waves of contraction). The 
chemical action is very complex, and is 
shown in simplified form in table 8-7. En- 
zymes (organic compounds that aid chemical 
reactions without themselves being utilized) 
play an outstanding role in digestion. Cer- 
tain acids and salts also play vital roles. 

b. The digestive system consists of the 
alimentary tract or canal, which extends 
from the mouth to the anus, and the accesso- 
ry organs of digestion, the liver, gallbladder, 
and pancreas. The alimentary tract consists 
of the mouth, pharynx, esophagus, stomach, 
small intestine, large intestine, rectum, and 
anus. 


8-54. The Mouth. The mouth, in which the 
food is masticated and mixed with saliva into 
a bolus, is the first division of the alimentary 
tract. It is divided into the vestibule and the 
oral cavity. The vestibule is the space be- 
tween the teeth and the mucous membrane of 
the cheeks and the lips. The oral cavity (fig- 
ure 8-52) lies within the dental arches and 
below the palate. The hard palate is formed 
by portions of the maxillary and palatine 
bones. The soft palate is a movable fold at- 
tached to the back of the hard palate and the 
sides of the mouth. In swallowing, the soft 
palate is raised, shutting off the nasophar- 
ynx, thus permitting passage of air through 
the mouth. 


8-55. The Tongue. The tongue is a freely 
movable muscular organ intimately asso- 
ciated with the functions of taste, speech, 
mastication, salivation, and deglutition. It is 
in the floor of the oral cavity (figure 8-52) 
with its base directed backward and its apex 
forward. 


8-56. The Salivary Glands: 

a. General. These include three pairs—the 
submaxillary, the sublingual, and the parot- 
id, together with numerous glands in the 
mucous membrane of the oral cavity (figure 
&.52). Au of these glands contribute to the 
formation of saliva, 

(i; “Yhe parotid gland, an irregular, lo- 
bated gland, is in the front of each ear. By 
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Figure 8-45. The Paranasal Sinuses. 


means of Stensen’s duct the serous secre- (2) The submaxillary gland, irregular in 
tions of the parotid gland are channeled form and shaped like a walnut, lies close to 
through the muscles of the cheek into the _ the internal surface of each half of the man- 
mouth, through a small papilla adjacent to  dible. By means of Wharton’s duct, it con- 
the second upper molar. veys secretions into the mouth opening 
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Table 8-6. Palpation Points, Lines and Planes of the Skull. 


PALPATION POINTS OF THE SKULL 


Sees 












Frontal Bone-- 
Supraciliary arches--raised 
ridges above the orbits. 

Supraorbital notch--notch 
of superior orbital margin. 

Glabella--eminence between 
the eyebrows. 





















Junction of Frontal and Nasal 
Bones- - 

Nasion--depression at top 

of nose. 












Nasal Bone-- 
Nasal bones referred to as 
"bridge of the nose." 







Occipital Bone-- 

External occipital protuber- 
ance (EOP) the "knowledge 
bump" or the INION. 


Temporal Bone-- 
External acoustic meatus 
(EAM)--opening of the 
external ear. 
Mastoid tip or mastoid 
process- (protrusion 
posterior to the EAM). 










Maxillary Occlusal Plane: 
The plane formed by the 
biting surfaces of the 

upper teeth. 












Acanthio-meatal Line (AML): 
A line from the nasolabial 

junction to the EAM. (Ex- 

ternal acoustic meatus). 


Infra-orbitomeatal Line (IOML): 
A line from the infraorbital 
ridge or margin to the EAM. 
Also known as Reid's Base 
Line and the Line of Frank- 

furt. 


through a small orifice at the side of the 
frenulum of the tongue. 

(3) The sublingual gland is the smallest 
of the three salivary glands. The pair is just 
anterior to the base of the tungue and they 
empty directly into the oral cavity by means 
of many ducts, the Ducts of Kivines. 

b. Content and Functions of the Sativa. 
The quantity of siiiva secrefet cacy is 


about 1200 ee. It contatis mucin. sereus ghu- 
. 


id, mineral salts. ard the casvrmes ptyalin 
and maltase. During the chewing of Tuod, sa- 


LINES AND PLANES OF THE SKULL 










5. Orbitomeatal Line (OML): A 























Soft Tissue-- 

Tragus of the ear--flap of 
cartilage exterior of the EAM. 

Nasolabial junction--where upper 
lip converges with nose. 

External canthus of eye--outer 
(lateral) angle formed by the 
junction of the eyelids. May 
be called Temporal Canthus. 









Temporal-Zygoma- - 

Zygomatic arch--arch of bone 
Spanning the malar "cheek" 
bone to the area just above 

the EAM. 

















Maxillary Bone-- 
Inferior margin of the orbit. 
Anterior nasal spine or 
ACANTHION--point at nasolabial 
junction. 












Mandible Bone-- 
Condyloid process--anterior to 
EAM. 
Angle--junction of the body and 
the ramus. 




















Interpupillary Line: Line through 
(connecting) pupils of both 

eyes when the eyes are in a 
neutral position, looking 
Straight ahead. 









line from the external canthus 
of the eye to the EAM (often 
referred to as the radiographic 
base line and the international 
base line). 












liva moistens, softens, and lubricates the 
bolus of food so the act of swallowing (deglu- 
tition) is facilitated. Some digestion of 
starches occurs in the mouth. The enzyme 
ptyalin converts starches to the complex 
sugars (maltose), and maltase converts mal- 
tose to simple sugar (glucose) which is ab- 
surbed inte the blood stream. 


S-a7. The Teeth. The teeth are the organs of 
mustigatien, The permanent teeth are 32 in 
number-—Tour ipersors, two canines, four 
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Figure 8-46. External Landmarks of the 
Skull. 
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Figure 8-47. Hypersthenic. 


premolars, and six molars in each jaw (figure 
8-53). Each tooth consists of a crown, neck, 
and root. 


8-58. The Pharynx. The pharynx lies behind 
the nasal cavities, mouth, and larynx and 
extends into the esophagus. The cavity of 
the pharynx may be subdivided from above 
downward into three parts—nasal, oral, and 
laryngeal. 7 

a. The oral pharynx (figure 8-54) reaches 
from the level of the soft palate (level of the 
body of the axis) to that of the hyoid bone. It 
is acommon passage for air and food. 
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b. The laryngeal pharynx (figure 8-54) 
extends from the level of the hyoid bone to 
that of the lower border of the cricoid carti- 
lage, anterior to the sixth cervical vertebra. 
It lies posterior to the larynx, and opens into 
the esophagus. 


8-59. The Esophagus. The esophagus is a 
musculomembranous tube about 10 inches. in 
length which extends from the pharynx to 
the stomach (figure 8-57). It begins at the 
lower border of the cricoid cartilage, oppo- 
site the sixth cervical vertebra, descends in 
front of the vertebral column, passes 
through the diaphragm at the level of the 
tenth thoracic vertebra, and terminates at 
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Figure 8-48. Asthenic. 
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Figure 8-49. Sthenic. 
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the cardiac orifice of the stomach, anterior 
to the eleventh thoracic vertebra. The area 
where the esophagus traverses the dia- 
phragm is called a hiatus. A hiatus hernia is 
formed when any structure (usually a part 
of the stomach) protrudes through the hia- 
tus. 


8-60. The Stomach: 
a. Description. 

(1) The stomach is the most dilated part 
of the digestive tube, extending between the 
end of the esophagus and the beginning of 
the small intestine (figures 8-55 and 8-57). It 
lies within the epigastric, umbilical, and left 
hypochondriac regions of the abdomen, with 
a small portion of the greater curvature ex- 
tending into the left lumbar region. The size, 
shape, and position of the stomach depend 
upon body habitus and vary with content 
and posture. 

(2) There are two openings in the stom- 
ach. The upper opening, at the junction of 
the esophagus, is the cardiac orifice. The 
cardiac orifice is at the level of the seventh 
left costal cartilage about 1 inch from the 
side of the sternum (the level of the tenth 
thoracic vertebra). The lower opening, which 
communicates with the duodenum, is the py- 
loric orifice. The pyloric orifice lies about 1 
inch to the right of the midline of the level of 
the upper border of the first lumbar vertebra 
(the level of the upper horizontal line). 

(3) The stomach has two borders or cur- 
vatures. The lesser curvature extends be- 
tween the cardiac and pyloric orifices, form- 
ing the concave border of the stomach. The 
greater curvature forms the lower convex 
border of the stomach. 

(4) The stomach is arbitrarily divided 
into three parts, the upper part or fundus, 
the middle part or body, and the lower part 


Table 8-7. Chemical Actions Which Aid Digestion. 
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Figure 8-52. The Oral Cavity. 


or pylorus. The fundus is the dome-shaped 
portion lying directly beneath the dome of 
the diaphragm and above the cardiac orifice. 
The fundus is marked off from the body by a 
plane of demarcation passing horizontally 
through the cardiac orifice. The lower (small- 
er) end of the stomach, the pyloric portion, is 
marked off from the body by a plane of de- 
marcation passing through the angular 
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Figure 8-53. The Permanent Teeth. 
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notch (incisura angularis) of the lesser cur- 
vature to the opposite dilation of the greater 
curvature. As the stomach empties the inter- 
nal mucous coat is thrown (by the contrac- 
tion of the muscular layers) into a number of 
folds, termed rugae. After an upper gas- 
trointestinal examination these channels 
retain the barium for awhile and are called 
“the rugae pattern.” 

b. Function of the Stomach. The stomach, 
by mechanical (contractions and peristalsis) 
and chemical action, plays an important 
part in digestion. Gastric juice contains hy- 
drochloric acid and several enzymes. The 
acid attacks proteins, which swell to a gelat- 
inous mass. Pepsin converts proteins to pro- 
teoses and peptones. Gastric lipase hydro- 
lyzes finely divided fats (as in egg yolk) to 
fatty acids and glycerine. The food is re- 
duced to a thin liquid mass (chyme). At inter- 
vals, the relaxation of the pyloric sphincter 
allows chyme to enter the duodenum. The 
time required for gastric digestion averages 
about 5 to 7 hours for a meal. 


8-61. The Small Intestine. The small intestine 
extends from the pylorus to the ileocecal 
valve, where it joins the large intestine. It is 
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divided into the duodenum, the jejunum, and © 


the ileum (figure 8-57). The functions of the 
small intestine are discussed later. 

a. The duodenum is the shortest part (8 to 
10 inches) of the small intestine. It begins at 
the termination of the pylorus and unites 
with the jejunum at the duodenojejunal flex- 
ure. It is a C-shaped organ in the umbilical 
region of the abdomen, extending from the 
level of the first lumbar vertebra to that of 
the fourth lumbar vertebra. The first por- 
tion of the duodenum, the duodenal! bulb or 
cap, is often the site of duodenal ulcers. The 
accessory organs of digestion (figure 4-56) 
have a common opening into the duodenum. 

b. The jejunum is the second portion of the 
small intestine. It extends from the duaderio- 
jejunal flexure to the iieum. The jejunurn is 
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Figure 8-56. The Biliary Duct System. 


about seven and a half feet long and consti- 
tutes about two-fifths of the small intestine. 

c.. The ileum is the third or distal portion 
of the small intestine. It is about 16 feet in 
length and constitutes three-fifths of the 
small intestine. It begins at the distal end of 
the jejunum and terminates at the ileocecal 
valve, which guards the opening between the 
ileum and the proximal portion of the large 
intestine. The ileum and the jejunum are 
coiled throughout the central and lower por- 
tions of the abdominal cavity. 


8-62. The Large Intestine. The large intestine 
is about 5 feet long and extends from the end 
of the ileum to the anus. It is divided into the 
cecum, colon, rectum, and anal canal (figure 
8-57). At the beginning of the large intestine 
the food is moved slowly and some undigest- 
ed materials are digested (by enzymes car- 
ried over from the small intestine), and ab- 
sorbed. The main function of the large intes- 
tine is to absorb water from the residue. 

a. The cecum, the commencement of the 
large intestine, is a large, blind pouch in the 
right iliac fossa. A worm-shaped tube, the 
appendix or vermiform process, is attached 
to the lower end of the cecum on the postero- 
medial aspect. The distal end of the ileum 
communicates with the cecum by way of the 
ileocecal valve. 

b. The colon, although one continuous 
tube, 1s subdivided into ascending, trans- 
verse, descending, and sigmoid parts. 

(1) The ascending colon begins at the 
cecum, opposite the ileocecal valve, and pas- 
ses upward to the undersurface of the right 
lobe of the liver, where it bends abruptly 
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forward and to the left, forming the right 
colic or hepatic flexure. 

(2) Beginning at the hepatic flexure, the 
transverse colon passes with a downward 
convexity across the abdomen into the left 
hypochondriac region of the abdomen, where 
it bends abruptly on itself beneath the lower 
end of the spleen to form the splenic flexure. 

(8) From its beginning at the splenic 
flexure (left colic), the descending colon pas- 
ses down the left side of the abdomen to its 
junction with the sigmoid colon. 

(4) The sigmoid colon begins at the ter- 
minus of the descending colon. It forms an S- 
shaped loop and, normally, lies within the 
pelvis. It passes across the front of the sac- 
rum to the right side of the pelvis; it then 
curves on itself and follows a leftward 
course to the midline at the level of the third 
sacral segment, where it bends downward 
and ends in the rectum. 

(5) The rectum extends downward to the 
anal canal. It is continuous with the sigmoid 
colon and anal canal. The rectum is about 4 
1/2 inches (12 cm) long, and at its distal end it 
is dilated to form the rectal ampulla. 

c. The anal canal is the terminal portion 
of the large intestine, and measures from 2.5 
to 4 cm in length. It extends from the distal 
end of the rectum and terminates in the ex- 
ternal opening of the alimentary tract, the 
anus. 


8-63. The Accessory Organs of Digestion. The 
accessory organs of digestion are the liver, 
the gallbladder, and the pancreas (figures 8- 
56 and 8-57). 

a. The Liver. The liver is the largest gland 
in the body, weighing ordinarily from 3 to 4 
pounds in men and somewhat less in women. 
Its consistency is like that of a wet sponge, 
and its color is a dark reddish brown. The 
liver is divided into a right lobe and a small- 
er left lobe. It is in the upper right quadrant 
of the abdominal cavity and lies immediately 
beneath the diaphragm; occupying almost 
the whole of the right hypochondrium, the 
greater part of the epigastrium, and fre- 
quently extends into the left hypochondriac 
region. Two tubes of nearly equal size issue 
from the right and left lobes of the liver. 
These two tubes unite to form the hepatic 
duct. The principal condition for which the 
liver may be examined radiographically is 
for hepatic enlargement. 

b. The Gallbladder: 

(1) The gallbladder is a pear-shaped 
musculomembranous sac situated on the 
undersurface of the right lobe of the liver. It 
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Figure 8-57. The Digestive System. 


is from 3 to 4 inches in length and about 1 1/2 
inches in diameter at its largest part. It 
serves as a reservoir for bile, accommodat- 
ing about 30 to 35 cc. The gallbladder is di- 
vided into a fundus, a neck, and a body. The 
fundus of the gallbladder normally is situat- 
ed under the right lobe of the liver at the end 
of the right ninth costal cartilage, near the 
junction of the right vertical and upper hori- 
zontal lines. The cystic duct runs backward 
and downward from the neck of the gallblad- 
der, and joins the hepatic duct to form the 
common bile duct. The cystic duct is about 1 
1/2 inches long and contains a system of 
valves within its lumen, called the “spiral 
valve of Heister.” The common bile duct is 
about 3 inches long and communicates with 
the duodenum by way of the ampulla of Va- 
ter and the sphincter of Oddi. 

(2) The position of the gallbladder var- 
les with the type of body habitus and tends 
to shift with changes in posture and with the 
stages of respiration. 

c. The Pancreas. The pancreas is an elon- 
gated gland in the epigastric and left hypo- 
chondriac regions of the abdomen. The head 
of the pancreas is lodged within the curve of 
the duodenum. The secretion of the pancreas 
is carried by the pancreatic duct into the 
duodenum. 


8-52 


8-64. Functions of the Accessory Organs of 
Digestion and the Small Intestine. The liver, 
the gallbladder, the pancreas, and the smal] 
intestine play closely interrelated roles in 
the digestion and absorption of food. 

a. The liver secretes about 650 cc of bile 
per day. The hepatic duct carries the bile 
(between meals) to the gallbladder. There the 
bile is concentrated (by removal of water) so 
that each 10 cc of bile secreted by the liver is 
reduced to 1 cc. When chyme containing fats 
enters the duodenum, the gallbladder con- 
tracts and the bile is emptied into the duode- 
num by way of the cystic and common bile 
ducts. Pancreatic juice (which contains sev- 
eral enzymes that facilitate the breakdown 
of undigested proteins, carbohydrates, and 
fats) enters the duodenum simultaneously 
with the bile. Bile emulsifies fats, and lipase 
splits them into fatty acids and glycerol. 

b. In the jejunum and ileum, the intestinal 
juice completes the hydrolysis of carbohy- 
drates to simple sugars and of proteolytic 
products to amino acids. Sugar metabolism 
provides muscular energy, and the amino 
acids are chiefly rebuilt into proteins for the 
maintenance of cells. Neutral fat is absorbed 
and stored until needed. 

c. In addition to excreting bile, the liver 
assists in removing disintegration products 
of hemoglobin (bile pigments), receives the 
products of digestion after absorption, and 
converts them into other substances. It con- 
verts glucose to glycogen, which it stores; 
removes nitrogen from amino acids; and 
forms fibrinogen and heparin, which aid in 
the clotting of the blood. 

d. The pancreas contains cells that make 
insulin, which is secreted directly into the 
blood stream. Insulin is a hormone essential 
for glucose metabolism. 

e. The physiology of the accessory organs 
of digestion governs the methods and proce- 
dures used in the radiographic examination 
of the digestive system. 


SECTION O—THE UROGENITAL SYSTEM 


8-65. General. The urogenital system con- 
sists of the urinary organs (figure 8-58) for 
the production and elimination of urine, and 
the genital organs, which are coneerned with 
reporduction. The urinary system secretes 


waste products of metabolism from tne 
blood. In the average man, ihe kidnows clear 
about 13800 ce of bined per prinine: therefore, 
In approximately 5 minutes oll of the blood is 


circulated through the kigcrevs. In addition 
to filtering the waste proaucts from the 
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blood stream, the kidneys also help to main- 
tain the alkaline and acid balance of the 
blood and the required level of body fluids. 


8-66. The Kidneys: 

a. Location and Position. The kidneys are 
paired organs in the upper posterior part of 
the abdominal cavity, one on either side of 
the vertebral column, behind the peritoneum. 
The upper extremity or pole of each kidney is 
at the level of the upper border of the 
twelfth thoracic vertebra. The lower extrem- 
ity or pole is at the level of the third lumbar 
vertebra. Generally, the right kidney is 
slightly (about 1/2 inch) lower than the left. 
Since the kidneys are not rigidly fixed to the 
abdominal wall, they move up and down dur- 
ing respiration; and, normally drop about 1 
1/2 inches when the subject changes from the 
supine to the erect position. 

b. Structure: 

(1) The kidneys have a characteristic 
form. They appear to be bean-shaped, their 
lateral borders being convex and their medi- 
al borders concave. The concave border of 
each kidney is directed toward the median 
line of the body. Their anterior and posterior 
surfaces are slightly convex. Near the center 
of the concave medial border is a depression 
(the hilum), which marks the entrance of the 
vessels and nerves and the emergence of the 
ureters. Each kidney is about 11 cm in 
length, 5.5 cm in width, and 3.5 em in thick- 
ness (in the average adult male). Contiguous 
with the kidney tissue is a mass of fatty tis- 
sue, the adipose capsule, which is compara- 
tively radiolucent. (See figure 8-59.) 

(2) On longitudinal section, the kidney 
consists of a cortex or external part, a med- 
ullary or internal portion, and a renal sinus. 

(a) The cortical substance is reddish 
brown in color, and is composed of the glome- 
ruli and convoluted tubules which form the 
nephron functional unit of the kidney (figure 
8-60). There are about one million of these 
units in each kidney. The glomerulus is a tuft 
of capillaries surrounded by a capsule, 
which acts as a filter to keep the large mole- 
cules of proteins, et: cetera, from entering 
the convoluted tubules but allows water, 
urea, salts, and excess sugars to enter. The 
ciferent artery leaving the glomerulus 
breaks up into a plexus surrounding the 
canveluted tubules. About 95 percent of the 
wetcr is reabsarbed, and the waste products 


enter the collecting tubes as urine. 
thy) The medullary substance consists 
Of thousands cf colleeting tubes which con- 


verge to forma series of conical masses, the 


. 


{ 


AFM 160-30/TM 8-280/NAVMED _ P-5119 


Inferior vena cava 


Right kidney 


Hilum 


Ureter 





Figure 8-58. The Urinary System. 


renal pyramids. The bases of the pyramids 
are directed toward the cortex of the kidney, 
while the apices converge toward the center. 

(c) The hilum expands internally into 
a dome-shaped central cavity called the re- 
nal sinus. The calyces and the renal pelvis 
are situated within the sinus. 

(d) The minor renal calyces unite to 
form two to five short channels, the major 
renal calyces, and these in turn combine to 
form the renal pelvis. At the apex of the re- 
nal pyramids, the urine is first emptied into 
the minor calyces; it then flows into the ma- 
jor calyces and on into the renal pelvis. 

(e) The renal pelvis is a cuplike cavity 
for the collection of urine, which empties 
into a ureter. As the pelvis leaves the kidney, 
it tapers into a funnellike convolution and 
imperceptibly into the ureter. 

ce. Function. The kidneys eliminate the ni- 
trogenous waste products of metabolism and 
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help maintain the constant chemical compo- 
sition of the blood. They excrete from 1,000 
to 1,800 cc of urine in 24 hours. The glomeru- 
li and the tubules of the nephrons perform 
different functions in the production of 
urine. 

(1) The glomeruli act as filters. Dis- 
solved substances and water pass through 
the capillary walls into the capsule. Blood 
pressure provides the force necessary for 
filtration. 

(2) The tubules transform the filtrate 
into urine. Tissue examination of the tubules 
shows a great diversity of structure of the 
epithelium which lines them. It is quite con- 
ceivable that some portions of the tubules 
absorb certain substances from the filtrate, 
while others secrete. The chemical and water 
constituents of the blood are kept at a con- 
stant level by the functioning of the tubules. 
Radiopaque organic iodine compounds, when 
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Figure 8-59. Kidney Structure. 


injected intravenously, normally are excret- 
ed by the tubules with the urine. 


8-67. Ureters. The ureters are the two tubes 
which carry urine from the kidneys to the 
urinary bladder (figure 8-58). Their upper 
portions are continuous with the renal 
pelves. The ureter proper is from 10 to 12 
inches in length and about 4 to 5 mm (1/5 
inch) in diameter. Extending from its corre- 
sponding kidney, each ureter passes down- 
ward, one on either side of the vertebra! col- 
umn, behind the peritoneum, to the pelvic 
brim. After crossing the pelvic brim, the ure- 
ter passes along tne lateral wall of the pelvic 





MINOR CALYX 


cavity and curves downward, forward, and 
inward along the floor of the pelvic cavity, to 
finally enter the posterior portion of the uri- 
nary bladder. The wall of each ureter con- 
sists of an inner mucous coat, a layer of 
muscles, and an outer fibrous coat. 


8-68. The Urinary Bladder: 

a. The urinary bladder (figure 8-61) is a 
musculomembranous saclike organ which 
acts as a reservoir for the reception and 
storage of urine. It is in the pelvic cavity 
behind the pubes, in front of the rectum in 
the male (figure 8-61), and in front of the 
anterior wali of the vagina, and the neck of 
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Figure 8-60. Nephron Functional Unit of the Kidney. 


the uterus, in the female (figure 8-63). When 
empty, it is placed deeply within the true 
pelvis; when slightly distended, it has a 
round form; but when greatly distended with 
urine, it is ovoid in shape and rises above the 
symphysis pubis. | 

b. The function of the urinary bladder is 
to store the urine until a large enough quan- 
tity is collected to excite the nerve impulses 
that will cause a relaxation of the sphincter 
muscles surrounding the urethral opening 
and thus allow the contents of the bladder to 
be emptied. In the infant, this action occurs 
involuntarily, and control of urination 
comes with training. The urine escapes from 
the bladder by way of the internal urethral 


ae the most dependent part of the blad- 
er. 


8-69. The Urethra. The urethra is the mem- 
branous tube that conveys urine from the 
bladder to the exterior. 

a. The male urethra, from 18 to 20 cm 
long, is common to both the urinary and re- 
productive systems. It extends from the u- 
rethral orifice in the bladder to the external 
urethral orifice at the tip of the penis, and 
consists of three portions. 

(1) The prostatic urethra, about 3 cm 
long, extends from the urethral orifice in the 
bladder through the prostate gland. During 
coitus secretions enter this part from the 
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prostate gland and also from the ejaculatory 
duct. 

(2) The membranous urethra, about 2 
cm long, extends from the apex of the pros- 
tate to the bulb of the penis, and perforates 
the perineal membrane about 2.5 cm inferior 
to the symphysis pubis. 

(3) The cavernous urethra, about 15 cm 
long, extends from the end of the membra- 
nous region, just below the perineal mem- 
brane, to the external urethral orifice at the 
tip of the penis. It is surrounded by the cor- 
pus cavernosum of the urethra. 

b. The female urethra, about 4 cm long, 
serves only in the urinary system. It extends 
inferiorly from the internal urethral orifice 
in the bladder, perforates the perineal mem- 
brane, and ends in the external urethral ori- 
fice located anterior to the vaginal opening. 


8-70. The Male Reproductive System. The 
male reproductive system (figure 8-62) con- 
sists of the gonads (testes which produce the 
spermatozoa), a system of ducts and accesso- 
ry glands, and the external genitalia (penis 
and scrotum). 

a. The Scrotum. The scrotum is an integu- 
mentary sac that contains and supports the 
testes and the epididymis. It is suspended 
from the pubic and perineal regions directly 
dorsal to the base of the penis. Essentially it 
is an extension of the abdominal wall, con- 
sisting of skin and subcutaneous tissue. A 
septum divides the scrotum into the two 
chambers which house the testes. 

b. The Testes. The testes are a pair of 
oval, glandular organs, about 5 cm long, 
suspended in the scrotum by the spermatic 
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cords. Each testis is enclosed in a layer of 
dense fibrous tissue from which originate 
fibrous sheets of tissue that divide the testis 
into numerous wedge-shaped chambers (lob- 
ules). Each chamber contains from one to 
three highly convoluted tubules, the semini- 
ferous tubules. The lining of these tubules is 
composed of two specialized types of cells: 
the spermatogenic cells, which produce 
sperm, and the supportive cells (cells of Ser- 
toli), which are thought to provide nutrient 
materials for the developing sperm cells. In 
addition, specialized cells (cells of Leydig) in 
the tissue between the tubules produce the 
male sex hormone testosterone. The convo- 
luted seminiferous tubules from adjacent 
compartments join into straight ducts 
which, in turn, unite with each other and 
form a network, the rete testis. Twelve to 20 
minute efferent ducts emerge from the rete 
testis, penetrate its fibrous coat, and form 
the beginning of the epididymis. 


ec. Ducts and Accessory Glands: 

(1) The epididymis is essentially a tor- 
tuous, 4- to 6-meter long canal that coils 
upon itself on the lateral posterior border of 
the testis. The efferent ducts of the testis 
unite to form the single ductus epididymis. 
The epididymis has two functions: storage of 
sperm and production of one of the liquid 
components of seminal fluid. At its distal end 
the epididymis straightens out and joins the 
vas deferens. 

(2) The vas deferens is a thick-walled 
tube about 45 cm long. It extends from the 
epididymis to the ejaculatory duct that 
opens into the prostatic urethra. 
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Figure 8-61. Sagitta! Section Through the Male Pelvis. 





AFM 160-30/TM 8-280/NAVMED _ P-5119 

(3) The seminal vesicles are two mem- 
branous sacs, each about 5 em long and con- 
sisting of a single tube coiled upon itself. 
They lie along the inferior posterior surface 
of the bladder. Each terminates in a 
straight, narrow duct which joins the vas 
deferens to form an ejaculatory duct. The 
vesicles secrete a liquid which forms part of 
the seminal fluid. 

(4) The two ejaculatory ducts are locat- 
ed on either side of the median plane. Each is 
formed by union of the seminal vesicle duct 
and the end of the vas deferens. Each ejacu- 
latory duct is a short tube, about 2 cm long, 
which passes through the base of the pros- 
tate gland and opens into the prostatic ure- 
thra. During coitus fluid from the seminal 
vesicles and sperm from the vas deferens are 
ejected into the prostatic urethra. 

(5) The prostate gland is a firm, partly 
glandular and partly fibromuscular mass of 
tissue surrounding the prostatic portion of 
the urethra. It is pyramidal in shape, its 
apex directed inferiorly, and its base direct- 
ed superiorly. The outer surface of the base 
is also in contact with the inferior aspect of 
the bladder. The prostate gland secretes a 
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thin, slightly alkaline fluid into the prostatic 
urethra which neutralizes the acid condi- 
tions in the urethra and also provides a me- 
dium for sperm motility. 

(6) Cowper’s’ glands (bulbourethral 
glands) are two small, somewhat lobed bod- 
les about the size of a pea, located just above 
the bulb of the penis, one on each side of the 
urethra. Secretions from Cowper’s glands 
form part of the seminal fluid. 

d. The Penis: 

(1) The penis consists of longitudinal 
columns of erectile tissue bound together 
with fibrous connective tissue and surround- 
ed by skin. 

(2) The corpus spongiosum penis sur- 
rounds the urethra, which is the passageway 
for both semen and urine. Distally the cor- 
pus spongiosum penis is enlarged into the 
glans penis and contains the external ure- 
thral orifice. The circular fold of skin extend- 
ing down over the glans penis is called the 
prepuce or foreskin. 


8-71. The Female Reproductive System. The 
female reproductive system (figure 8-63) 
consists of the gonads (ovaries), the fallopi- 
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an tubes, (oviducts) the uterus (womb), the 
vagina, and the external genitalia (vulva). 
The mammary glands are sometimes consid- 
ered to be a part of the reproductive system. 

a. The Ovaries: 

(1) The ovaries are a pair of flattened, 
oval bodies about 3 cm long, 1.5 cm wide, and 
10 mm thick. They are located in the ovarian 
fossa, a depression on the lateral wall of the 
pelvis, one on each side of the uterus. The 
ovaries are suspended from the broad liga- 
ment of the uterus by a fold of peritoneum 
called the mesovarium and attached to the 
uterus by the ovarian ligament. 

(2) In the ovary, the germinal epitheli- 
um covers the surface. The interior of the 
ovary, the stroma, consists of a network of 
connective tissue which is abundantly sup- 
plied with blood vessels. Embedded within 
the meshes of this framework is an abundant 
supply of vesicular follicles in varying 
stages of growth, each of which may form an 
egg cell or ovum. The follicles also produce 
the female sex hormones that are essential in 
the development of the secondary sex char- 
acteristics and the menstrual cycle, gesta- 
tion and lactation. However, their produc- 
tion is regulated by other hormones formed 
in the anterior lobe of the pituitary gland. 

b. The Fallopian Tubes. The paired fal- 
lopian tubes are flexible, muscular, trumpet- 
shaped tubes about 10 cmin length and 1 to 8 
mm in diameter. These tubes are in contact 
with the ovaries but not continuous with 
them. The larger, funnel-shaped end of each 
tube has a fringed border which opens into 
the peritoneal cavity near the lateral border 
of the ovary. The more slender portion of the 
tube extends medially over the ovary and 
opens into the superior lateral wall of the 
uterus. The ovum (egg cell) extruded from 
the ovary is conveyed to the uterus through 
the fallopian tube. Fertilization of the ovum 
usually occurs in the tube, after which the 
fertilized ovum is generally passed on to the 
uterus. 

ce. The Uterus. The uterus is a hollow, 
muscular, pear-shaped organ which varies 
considerably in size and shape but averages 
7 em in length, 5 cm in maximum width, and 
2.5 em In thickness. Located in the pelvic 
cavity between the rectum and urinary blad- 
der, it presents two regions. 

(1) The body or corpus uteri is the main 
portion which provides protection, support, 
and nourishment for the developing entoryo. 


The contractions of its thick, muscilar wats 
supply the expulsive foree necessary for 
parturition (chiidbirth). 


(2) The neck or cervix is the narrow low- 
er third of the uterus. It contains the cervi- 
cal canal which is continuous with the main 
cavity in the body of the uterus. 

d. The Vagina. The vagina is a thin- 
walled, tubular organ extending from the 
cervix of the uterus to the vulva where it 
opens to the exterior. It averages 8 cm in 
length and lies dorsal to the bladder and ure- 
thra, and ventral to the rectum. The vagina 
is also part of the birth canal. 

e. The Vulva. The vulva or the external 
genitalia include the mons pubis, labia ma- 
jor, labia minor, clitoris, vestibule, and the 
greater vestibular glands. 

(1) The mons pubis is the rounded emi- 
nence anterior to the symphysis pubis, con- 
sisting mainly of fibrous, and adipose tissue. 
Extending downward from the mons pubis 
and backwards toward the anus are two lon- 
gitudinal cutaneous folds called the labia 
major. Within these two folds of skin are two 
smaller cutaneous folds called the labia mi- 
nor which meet anteriorly and form the pre- 
puce of the clitoris. 

(2) The cleft between the labia minor is 
the vestibule which contains the clitoris, the 
urethral and vaginal orifices, and many ves- 
tibular glands. The clitoris, the homologue 
of the male penis, is a small body of erectile 
tissue located at the point where the two la- 
bia minor meet. The urethral orifice is locat- 
ed about 2.5 cm posterior to the clitoris and 
immediately anterior to the vaginal orifice. 
The urethra has no connection with the re- 
porductive system. The urethra conveys ur- 
ine. The vagina orifice occupies about two- 
thirds of the posterior region of the vesti- 
bule, and is separated from the cavity of the 
vestibule by a thin fold of mucous mem- 
brane, the hymen. The hymen may complete- 
ly cover the vaginal orifice (imperforate 
hymen), or it may be absent entirely. 


f. Summary. Female Reproductive Sys- 
tem: 

(1) The female reproductive organs are 
the two ovaries, the two uterine (fallopian) 
tubes, the uterus, and the vagina (figure 8- 
63). For the purposes of this text, it is suffi- 
cient to know that there 1s a continuous pas- 
sage through the vagina, uterus, and uterine 
tubes to the peritoneal cavity (at the ova- 
ries). The spermatozoa, after entering the 
vagina, travel through the uterus into the 
uterine tube where fertilization occurs if the 
evum is present. One of the fallopian tubes 
must be open for the ovum to migrate to the 
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(2) The female reproductive organs are 
sometimes examined radiographically to 
determine why pregnancy does not occur, to 
diagnose multiple and abnormal pregnan- 
cies, to locate the placenta, and to locate the 
presence of tumors or other abnormalities. 

(3) The mammary glands (breasts) may 
be considered an accessory of the reproduc- 
tive system since they secrete milk for nour- 
ishment of the infant. They extend vertically 
from the second to the sixth rib, and trans- 
versely from the lateral margin of the ster- 
num to the anterior border of the axilla at 
about the level of the fourth costal carti- 
lage. Each breast is a cone-shaped mass of 
tissue, presenting near its center a papilla- 
like projection, the nipple. The nipple con- 
tains the openings of the milk ducts and is 
surrounded by a pigmented area of skin 
called the areola. Glandular tissue embedded 
in a large amount of connective tissue and 
varying amounts of fat comprise the inter- 
nal structure. The glandular tissue consists 
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Figure 8-63. Lateral Cross Section of Female Reproductive Organs. 


of 15 to 20 lobes, each with its own draining 
duct. In the region of the nipple each duct is 
dilated to form an ampulla which serves as a 
reservoir for the milk secretion before open- 
ing finally on the surface of the nipple. The 
production of milk by the mammary glands 
is regulated by endocrine secretions. (See 
section on mammography for a more detailed 
description of the anatomy of the breasts.) 


SECTION P—THE RESPIRATORY SYS- 
TEM 


8-72. General. The respiratory system (figure 
8-64) consists of the nose, pharynx, larynx, 
trachea, bronchi, and the lungs in which are 
found the bronchioles and the alveoli (air. 
sacs). The primary function of the respirato- 
ry system is to supply the blood with oxygen 
from the outside air and to effect the elimina- 
tion of carbon dioxide from the blood to the 
outside air. The exchanges between the air 
and the blood take place in the alveoli of the 
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lungs, which are the essential organs of res- 
piration. For a discussion of the mechanics 
of respiration, see paragraph 8-80. 
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Figure 8-64. The Respiratory System. 


8-73. The Nose and Paranasal Sinuses: 

a. The nose is composed of bone and carti- 
lage. On the undersurface of the external 
nose are two orifices, the nares. The nasal 
cavity is divided by the median nasal septum 
into the right and left nasal chambers. The 
chambers communicate with the exterior 
anteriorly by means of the nares, and with 
the nasopharynx posteriorly by means of the 
choanae. 

b. On the lateral wall of each nasal chain- 
ber are three nasal conchae. Under each con- 
cha is a meatus. Opening into each nasal 
chamber are the paranasal sinuses (figure 8- 
45), which are named according to the bone 
in which each is located. The ethmoidal air 
cells, the maxillary sinuses, and the frontal 
sinuses open into the nasal cavity. The open- 
ing of the sphenoidal sinus is above the supe- 
rior meatus. 


8-74. The Pharynx. The nharvnx is a comirnen 
passageway for airand toed and therefcre is 
also a part of the digestive «ystem. Vhe oral 


and laryngeal parts have been discussed. 
The two choana», which are separated by the 
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nasal septum, communicate with the phar- 
ynx anterior. 


8-75. The Larynx. The larynx or voice box is 
in the upper and front part of the neck. It is 
the passageway which connects the pharynx 
and the trachea. Its supporting framework 
is made up of nine cartilages, three single 
and three paired—the single thyroid, cricoid, 
and epiglottic cartilages, and the paired 
arytenoid, corniculate, and cuneiform carti- 
lages. The epiglottis guards the entrance to 
the larynx. 


8-76. The Trachea: 

a. The trachea or windpipe is a somewhat 
rigid, noncollapsible, pipelike tube, about 11 
cm long. It is situated anterior to the esopha- 
gus and extends from the level of the sixth 
cervical vertebra to the inferior border of 
the fifth thoracic vertebra where it divides 
into the two bronchi. It extends into the tho- 
racic cavity along the midsagittal plane. 

b. The trachea consists of 16 to 20 C- 
shaped cartilages, superimposed one upon 
the other, forming the anterior two-thirds of 
the tracheal wall. Posteriorly, these open 
rings of cartilage are completed by fibro- 
muscular tissue which is flattened somewhat 
along the surface in contact with the esopha- 
gus. Consequently, the posterior surface of 
the trachea can be forced inward to some 
extent when particles larger in diameter 
than the esophageal lumen are swallowed. 


8-77. The Bronchi. The two bronchi differ 
slightly. The right bronchus is about 1 inch 
in length and the left bronchus about 2 inch- 
es. The bronchi enter the lungs at a depres- 
sion on the mediastinal surface known as the 
hilus of the lung. As they extend into the 
lungs, the bronchi divide and subdivide into 
smaller branches (bronchioles). The tiny air 
sacs, the alveoli, are at the terminal ends of 
the bronchioles. 


8-78. The Lungs: 

a. The two lungs, one on either side within 
the thoracic cavity, are the essential organs 
of respiration. They are separated by the 
heart and mediastinal structures. Each lung 
is conical in shape, conforming generally to 
the shape of the cavity within which it lies. 
The troad base rests upon the diaphragm, 
while the apex extends about 1 inch above 
the clavicle into the root of the neck. 

b. Rach lung is divided by deep fissures 
inte lomes. The right lung has three lobes, 
and ine lert lung two. The substance of the 
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lungs is light, porous, and spongy, owing to 
its numerous air-containing elements. The 
alveoli have very thin walls and are sur- 
rounded by a network of capillary blood ves- 
sels. It is here that the interchange of gases 
occurs. 


8-79. The Pleura and the Pleural Cavity: 

a. Each lung is invested with a serous 
membrane, the pulmonary or _ visceral 
pleura. The rest of the membrane is called 
the parietal pleura. Different portions of the 
parietal pleura are called by special names 
which indicate their position. From the medi- 
al surface of each lung the parietal pleura is 
reflected over the root (hilum) (formed by the 
bronchus, nerves, and vessels) to the posteri- 
or surface of the sternum anteriorly and to 
the vertebral column posteriorly, forming 
the mediastinal pleura portion. That portion 
lining the inner surface of the walls formed 
by the ribs is the costal pleura and that cov- 
ering the top of the diaphragm is the dia- 
phragmatic pleura. 

b. The space between the pulmonary 
pleura and the parietal pleura is the pleural 
cavity which is a potential rather than an 
actual cavity. It is filled with a serous fluid 
which moistens the opposed surfaces of the 
pulmonary and parietal pleurae, thereby 
facilitating the movements of the lungs in 
the chest. The two pleural cavities are en- 
tirely separate from one another; thus, one 
lung can be collapsed, and the other will not 
be affected. 

c. The costophrenic (phrenicostal) angle 
or sinus is the triangular space between the 
wall of the thorax and the lower margin of 
the diaphragm. This angle is readily seen in 
PA chest radiographs. 


8-80. Mechanics of Respiration: 

a. Respiration is the act or function of 
breathing. The process of breathing may be 
subdivided into inspiration, or breathing in, 
and expiration, or breathing out. Breathing 
is accomplished by the coordinated move- 
ments of the lungs, diaphragm, abdomen, 
and associated muscles. 

b. In inspiration, the intercostal muscles, 
contract to raise the anterior ends of the 
ribs. At the same time a contraction flattens 
the dome-shaped diaphragm muscle. By 
these combined actions, the thoracic cavity 
is enlarged in all directions. As a result, each 
pleural cavity is also enlarged and, since it is 
completely airtight, a partial vacuum is 
caused within. Due to the lowering of the 
pressure in the pleural cavity and the elas- 
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ticity of the lung, the air pressure within the 
lung is lowered, and since the lungs commu- 
nicate freely with the outside air, air rushes 
in to equalize the pressure. 

ce. At the end of each inspiration the inter- 
costal muscles and the diaphragm relax, and 
the thoracic wall returns to its normal rest- 
ing position, giving an expiration. This de- 
crease in size increases the pressure in the 
thoracic cavity and in the lungs. As a result, 
air flows out of the lungs until the pressure 
within them is again equal to that of atmos- 
pheric pressure. The lungs are prevented 
from collapsing completely by the negative 
pressure in the surrounding pleural cavity. 

d. The muscles of respiration normally act 
automatically. The respiratory cycle con- 
sists of an active inspiration followed by a 
passive expiration. The normal rate of quiet 
respiration in an adult is between 14 to 18 
cycles per minute. 

e. On full inspiration the right dome of the 
diaphragm lies at approximately the level of 
the eleventh thoracic vertebra and the left 
dome at that of the twelfth thoracic verte- 
bra. On full expiration the right dome of the 
diaphragm lies at about the same level as the 
eight thoracic vertebra and the left dome at 
that of the ninth thoracic vertebra. These 
respiratory excursions of the diaphragm are 
important in radiography. 


SECTION Q—THE NERVOUS SYSTEM 


8-81. General: 

a. The structural and functional unit of 
the nervous system is the nerve cell or neu- 
ron and its processes. A neuron is an elon- 
gated cell with dendrites (branches), which 
receive and conduct impulses toward the cell 
body; and axons (an elongation of the cell 
body), which conduct impulses away from 
the cell body. A nerve may be defined as a 
collection or bundle of nerve fibers. 

b. The membrane theory of nerve conduc- 
tion is explained by electrical and chemical 
changes in the neuron. A chain of neurons 
over which impulses may pass from a recep- 
tor or sense organ to the central nervous 
system and back to an effector constitutes a 
reflex arc. A simple reflex arc consists of a 
sensory and a motor nerve directly connect- 
ed within the spinal cord; the reflex does not 
go to a higher center. Reflex arcs vary great- 
ly in complexity. They may be quite compli- 
cated and involve several centers of the 
nervous system, or they may be relatively 
simple and involve only the lower levels. 
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c. The nervous system may be divided into 
the cerebrospinal nervous system and the 
autonomic nervous system. 


8-82. The Cerebrospinal Nervous System. The 
cerebrospinal nervous system may be classi- 
fied anatomically as the central nervous sys- 
tem (which includes the brain or encephalon 
and the spinal cord or medulla spinalis) and 
the peripheral nervous system (which is 
composed of the cranial and spinal nerves). 
There are 12 pairs of cranial nerves and 31 
pairs of spinal nerves. 


8-83. The Autonomic Nervous System. The 
autonomic nervous system is composed of 
the sympathetic nervous system (concerned 
with emergency mechanisms) and the para- 
sympathetic nervous system (concerned with 
the conservation of resources). 


8-84. Central Nervous System: 

a. General. The central nervous system 
presents two regions: gray matter and white 
matter. The gray matter contains mainly 
nerve cells and nonmyelinated fibers; the 
white matter, primarily myelinated nerve 
fibers. A concentrated mass of nerve cells 
- (gray matter) in any part of the central 
nervous system is called a nucleus. A similar 
grouping of nerve cells in the peripheral 
nervous system (outside the brain and spinal 
cord) is called a ganglion. A tract is a bundle 
of nerve fibers with a common origin and 
destination. The nerve fibers are either as- 
cending or descending, depending on whether 
they carry impulses to or from the brain. 

b. Embryonic Development. In very early 
embryonic development the central nervous 
system emerges as a continuous tube along 
the dorsal aspect of the embryo. As growth 
progresses, a small cranial portion of this 
neural tube develops into the brain, and the 
remaining section becomes the spinal cord. 
In its early stages of development the crani- 
al portion of the neural tube presents three 


Table 8-8. Regions of the Aduit Brain. 
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enlargements: the forebrain, the midbrain, 
and the hindbrain. These three embryonic 
subdivisions give rise to the various regions 
of the adult brain (table 8-8). As the brain 
develops, the original cavity of the neural 
tube expands into four communicating cham- 
bers called ventricles, which are continuous 
with the central canal in the spinal cord. 

ce. Protective Coverings. The brain and 
spinal cord are well protected within the 
skeleton: the brain in the cranium, and the 
spinal cord in the vertebral canal. In addi- 
tion, they are enclosed by three connective 
tissue membranes called meninges: the dura 
mater, the arachnoid, and the pia mater. 


(1) The dura mater, the outermost cov- 
ering, is a tough fibrous membrane. It ad- 
heres to the inner surface of the craniun, 
but in the spinal canal it is separated from 
the bony housing by the small epidural 
space. 

(2) The arachnoid, the middle meningeal 
tissue, is a delicate serous membrane which 
loosely invests the brain and the spinal cord. 
The potential space between the arachnoid 
ane the dura mater contains cerebrospinal 

uld. 

(3) The pia mater, the innermost menin- 
geal membrane, is a loosely arranged net- 
work of vascular tissue containing a plexus 
of fine blood vessels which permit the pas- 
sage of blood to and from the central nerv- 
ous system. Between the arachnoid and the 
pia mater is the subarachnoid space which 
contains cerebrospinal fluid. The ventricles 
of the brain are lined by the pia mater. 


8-85. The Brain. The brain or encephalon 
(figure 8-65) is the center of the nervous sys- 
tem. It fills the cranial cavity of the skull 
and weights about 1300 grams. It is the most 
complex mass of nervous tissue and serves 
as the coordinating center for all somatic 
and visceral functions of the body. It has 
been stated that the adult brain develops 
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Figure 8-65. Sagittal Section of the Brain. 


from three embryonic regions: the forebrain, 
the midbrain, and the hindbrain. 

a. The Forebrain. The forebrain or pro- 
sencephalon of the embryo develops into the 
cerebrum and the diencephalon which con- 
sists of the thalamus and the hypothalamus. 

(1) The cerebrum, also known as the te- 
lencephalon, is the main portion of the brain, 
constituting about seven-eighths of its total 
weight. The deep longitudinal fissure divides 
it into right and left cerebral hemispheres. 
These hemispheres consist essentially of an 
outer region of gray matter, the cerebral 
cortex, which spreads over an inner mass of 
white matter. The two hemispheres are con- 
nected by several bands of nerve tissue 
called commissures. The corpus callosum, 
also known as the great commissure of the 
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brain, is the most prominent. It consists of 
bands of nerve fibers which form an arch 
below the longitudinal fissure and connect 
the two hemispheres. The hemispheres are 
divided into lobes named after the bones of 
the cranium in which they lie. Although the 
functioning of the cerebrum is not complete- 
ly understood, and most of its coordinating 
activities involve more than one lobe, it has 
been found that certain functions are local- 
ized in the four lobes as follows: frontal lobe, 
higher thought processes and voluntary ac- 
tions; parietal lobe, sensory and motor func- 
tions; temporal lobe, hearing; and occipital 
lobe, sight. ; 

(2) The diencephalon, which consists of 
the thalamus and hypothalamus, is located 
between the cerebrum and the midbrain. The 
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thalamus is a large ovoid mass of gray mat- 
ter located at the base of the cerebrum. It 
consists of two large nuclear masses sepa- 
rated by the third ventricle and connected by 
a bridge of gray matter, the connexus inter- 
thalamicus, also called the intermediate 
mass. It serves as a relay center for sensory 
impulses en route to the cerebral cortex. The 
hypothalamus is inferior to the thalamus 
and forms the floor and part of the lateral 
wall of the third ventricle. It is involved in 
the regulation of many metabolic processes 
and the functioning of certain viscera. 

b. The Midbrain. The midbrain or mesen- 
cephalon is the short section between the 
forebrain and the hindbrain. It provides the 
main motor connection between the fore- 
brain and the midbrain. Dorsally it presents 
two pairs of rounded elevations: the corpora 
quadrigemina, which act as relay centers in 
auditory and visual reflexes, and ventrally 
the cerebral peduncles, which are two di- 
verging stalks, one entering each cerebral 
hemisphere. These peduncles consist of bun- 
dles of fibers which provide pathways for 
impulses passing to and from the cerebrum. 

ce. The Hindbrain. During embryonic de- 
velopment, the hindbrain (rhombencephalon) 
is divided into two portions, the meten- 
cephalon and the myelencephalon. The me- 
tencephalon develops into the cerebellum 
and pons, and the myelencephalon into the 
medulla oblongata. 

(1) The cerebellum (or “little brain’’) is 
located in the posterior region of the skull, 
inferior to the occipital lobes of the cere- 
brum. It consists of two lateral expansions, 
the hemispheres, and a constricted central 
portion, the vermis, which joins the two hem- 
ispheres. Its internal structure is similar to 
that of the cerebrum, with the gray matter 
located in the outer cortical layer. Three 
pairs of peduncles connect the cerebellum 
with the other portions of the brain and spi- 
nal cord. The superior peduncles connect the 
cerebellum with the midbrain; the middle 
peduncles connect it with the pons, and the 
inferior peduncles connect it with the medul- 
la oblongata. The cerebellum acts as a reflex 
center that coordinates muscular move- 
ments. It is also the control center for the 
maintenance of posture and equilibrium. 

(2) The pons is anterior to the cerebel- 
lum and lies between the midhrain and the 
medulla oblongata. As the name implies, it 
forms a bridge of connecting fibers extend- 
ing between the halves of the cerenellum and 
joins the midbrain with the meduiia. It is jo- 
cated in the midline of the crania! cavity, at 
the base of the skull. 
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(3) The medulla oblongata is anterior to 
the cerebellum and extends almost verticaliy 
from the caudal margin of the pons through 
the foramen magnum to the level of the 
cranial border of the atlas, where it joins the 
spinal cord. Internally its structure resem- 
bles that of the spinal cord, with the gray 
matter generally located centrally. Many 
nerve fibers in the medulla cross from one 
side to the other. As a result, one side of the 
brain controls the opposite side of the body. 
The medulla contains the fourth ventricle 
which is continuous with the central cana! of 
the spinal cord. It serves as a relay station 
for the passage of impulses between the 
brain and the spinal cord, contains centers 
controlling cardiac vasomotor and respira- 
tory activities, and regulates many other 
reflex activities. 

d. Ventricles and Cerebrospinal Fluid: 

(1) The ventricles (figure 8-66) are four 
communicating cavities located within the 
brain. The lateral ventricles are located in 
the right and left cerebral hemispheres, and 
communicate with the third ventricle 
through the interventricular foramen of 
Monro. The third ventricle is a small pas- 
sageway in the center of the diencephalon 
and is connected with the fourth ventricle 
through the cerebral aqueduct of Sylvius. 
The fourth ventricle is located ventral to the 
cerebellum, dorsal to the pons, and in the 
upper portion of the medulla oblongata, It 
communicates with the subarachnoid space 
through three openings: two lateral forami- 
na of Luschka and one medial foramen of 
Magendie. 

(2) The cerebrospinal fluid is a clear vis- 
cid liquid formed in the choroid plexuses of 
the four ventricles. A layer of epithelium 
separates the blood vessels of the choroid 
plexuses from the ventricular activities. 
Cerebrospinal fluid is formed as an almost 
protein-free filtrate of the blood. As the 
blood flows through the many choroid plex- 
uses, it is forced against the surrounding 
epithelium, causing water, traces of protein, 
glucose, lymphocytes, and some hormones to 
leave the blood plasma and enter the ventri- 
cles as cerebrospinal fluid. 

(3) Cerebrospinal fluid (150 ec) is en- 
closed In its own circulatory system within 
the brain, passing from the right and left 
ventricles through the interventricular for- 
amen of Monro into the third ventricle and 
then hy way of the cerebral aqueduct of Syl- 
vius into the fourth ventricle (figure 8-67). 
From tne fourth ventricle it passes through 
the mediai foramen of Magendie and two lat- 
eral foramina into the subarachnoid spaces 
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Figure 8-66. Location of Ventricles of the Brain. 


over the surface of the brain. It may contin- 
ue down the central canal of the spinal cord. 
In addition, the cerebrospinal fluid moves 
caudally along the dorsal surface of the spi- 
nal cord and cranially along its ventral sur- 
face in the subdural spaces. In the circulato- 
ry process it filters through small villi of 
arachnoid tissue into venous sinuses where 
it is returned to the main blood stream. This 
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fluid serves as a shock absorber for the 
brain and spinal cord. 


8-86. The Spinal Cord: 

a. The spinal cord occupies the upper two- 
thirds of the spinal canal. It is continuous 
with the medulla oblongata and extends from 
the foramen magnum at the base of the skull 
to the cranial border of the second lumbar 
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Figure 8-67. Diagrammatic Presentation of 
the Ventricular System. 


vertebra. The caudal end tapers into the 
filum terminale interna, which is the thread- 
like extension of the cord ending at about the 
level of the first sacral segment. Thirty-one 
pairs of spinal nerves extend from the cord. 
These nerves exit the neural canal through 
the intervertebral foramina. Neurologists 
have determined approximately what areas 
of the body are innervated for feeling (senso- 
ry) and motor (muscle contraction) and the 
level in the spinal cord where these nerves 
synapse. 

b. A reflex arc is exemplified by the patel- 
lar reflex. This stretch reflex is obtained by 
striking a rubber hammer just below the 
patella. The sensory nerve transmits the 
impulse through the posterivr root of L-2, L- 
3, L-4 (which lie in the lower part of the cord) 
to connector neurons which terminate in the 
anterior root. Here the motor neurons trans- 
mit the impulse to the 
which contract to “jer” the kuce. 
be noted that pressure on tee vord may re- 
sult in paralysis or ¢eon. if the pressure Is 
removed, most likely furicticus will be res- 
tored. However, texring or breaking the 
brain or cord results ir permanent disabili- 
ty, and there is no recs -"v. 
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SECTION R—THE CIRCULATORY SYS- 
TEM 


8-87. General. The circulatory system in- 
cludes the lymphatic system, the blood, and 
the blood-vascular system. It is concerned 
with the onward and continuous movement 
of the blood and lymph. 


8-88. The Lymphatic System: 

a. The lymphatic system is composed of 
the lymphatic vessels and the lymph glands 
or nodes. The lymphatic vessels are similar 
to veins (contain valves) and are filled with 
lymph. The lymph is the fluid which comes in 
contact with the tissues directly; that is, it is 
the “middleman” between the blood and the 
tissues. The microscopic lymph vessels ter- 
minate in the tissues as blind open-ended 
tubes. The pressure from the arterioles 
forces nutrients into the tissue spaces. This 
force, plus contracting muscles and osmosis, 
pushes some of the fluids into the open ends 
of the lymph vessels. The smaller vessels 
unite to form larger vessels that carry the 
lymph into an extensive network of nodes. 

b. Lymph nodes or glands are small oval 
or bean-shaped bodies, varying from a pin- 
head to a lima bean in size. They are distrib- 
uted along the course of the lymph vessels, 
sometimes singly, but usually in groups or 
clusters. There are superficial and deep 
nodes. They are found in close contact with 
an artery and vein. Lymph nodes are espe- 
cially numerous in the neck (cervical), the 
armpit (axillary), the groin (inguinal), and in 
the thorax and abdomen. Lymph vessels en- 
ter these nodes, and a larger trunk leaves 
the nodes. The nodes provide a tortuous 
maze lined with lymphocytes that defend the 
body against invasion of bacteria. Eventual- 
ly vessels from the nodes carry lymph to. a 
large duct in the thorax where the lymph is 
returned to the bloodstream into the left 
subclavian vein. Valves prevent any back- 
flow, 


8-89. The Spleen. The spleen is the largest 
collection of lymphoid tissue in the body. It 
is a large glandlike but ductless organ di- 
rectly beneath the diaphragm, behind and to 
tne ieft of the stomach. The spleen is an elon- 
gated ovoid body, more or less bean-shaped, 
and is enclosed In a capsule of connective 
ard muscular tissue. Its main functions are 
to produee Jymphoeyvtes and store red blood 
corpuscles. The ct her functions of the spleen 
are not known. The spleen may be visualized 
radiographically both with and without con- 
trast media. 
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8-90. Blood: 

a. The blood is a red fluid (bright red in the 
arteries and dark red in the veins) contain- 
ing erythrocytes (red blood cells, r.b.c.), leu- 
kocytes (white blood cells, w.b.c.), platelets 
and plasma. The red cell count in the normal 
male is from 5,000,000 to 6,000,000 per cubic 
millimeter, and in the normal female from 
4,500,000 to 5,500,000 per cubic millimeter. 
These cells give the blood its red color. The 
number of white blood cells is approximately 
7,000 to 9,000 per cubic millimeter in the 
norma! adult. The average number of plate- 
lets is about 300,000 per cubic millimeter of 
blood. Their chief function is concerned with 
the clotting of blood. The plasma is the fluid 
portion of the circulating blood. It is com- 
posed of serum (the fluid containing the 
nourishing elements of the blood) and fibri- 
nogen, which is a substance that aids in the 
clotting of the blood. 

b. The functions of the blood are to carry 
nutritive material and oxygen to the tissues 
of the body, to remove the waste products of 
the tissues, to protect the body against bac- 
terial invasion, and to maintain proper tem- 
perature and moisture content in the body. 


8-91. The Blood-Vascular System. The blood- 
vascular system consists of the heart, the 
arteries, the veins, and the capillaries. 


8-92. The Heart. The heart (figure 8-68) is the 
major organ of the circulatory system. It is 
hollow, muscular, and somewhat  cone- 
shaped, slightly larger than the closed fist. 
In the average male it weighs about 300 
grams. The heart lies obliquely in the lower 
two-thirds of the thoracic cavity, with the 
apex directed downward and the bulk of its 
mass to the left of the midsagittal line. It 
may be felt pulsating between the fifth and 
sixth ribs, about 2.5 cm below the left nipple. 
a. Structure: 

(1) Located in the mediastinum, the 
heart is enclosed in a dual-layered, loose-fit- 
ting sac called the pericardium. Between the 
outer fibrous layer and the inner serous lay- 
er is a serous liquid, the pericardial fluid, 
which lubricates the smooth outer surface of 
the heart. The superior portion or base of 
the heart consists of two receiving cham- 
bers, the atria. The main body extends into 
the apex and consists of two larger cham- 
bers, the ventricles. Blood from all parts of 
the body, except from the lungs, enters the 
right atrium through three veins: the coro- 
nary sinus, which collects blood from veins 
of the heart, and the inferior and superior 
venae cavae, which collect blood from the 
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other veins of the systemic circulation. 
Blood from the lungs enters the left atrium 
through the pulmonary veins. Two arteries 
emerge from the ventricles; from the right 
ventricle the pulmonary artery carries blood 
to the lungs, and from the left ventricle the 
aorta contributes blood to all other parts of 
the body. 

(2) As the heart beats, backflow of blood 
is prevented by the action of valves: the tri- 
cuspid valve between the right atrium and 
ventricle, the mitral valve (bicuspid valve) 
between the left atrium and ventricle, and 
the semilunar valves, which guard the out- 
lets of the ventricles. 

b. Circulation of Blood Through the Heart 
(figure 8-68). Deoxygenated blood from the 
body tissues enters the right atrium through 
the superior and inferior venae cavae. It 
then is passed through the tricuspid valve 
into the right ventricle. The blood leaves this 
chamber through the pulmonary semilunar 
valve and is passed by the right and left 
pulmonary arteries to the lungs, where it 
receives a fresh supply of oxygen and releas- 
es carbon dioxide. The oxygenated blood is 
returned to the heart in the right and left 
pulmonary veins, which open into the left 
atrium. From the left atrium the blood is 
passed through the bicuspid (or mitral) into 
the left ventricle. This ventricle is the larg- 
est and strongest chamber of the heart, and 
from it the oxygenated blood passes through 
the aortic semilunar valve into the aorta, 
from which it is distributed to all parts of 
the body except to the lungs. . 

c. Heart Action: 

(1) Although variations in the individu- 
al heart rate depend on sex, age, and physi- 
cal activity as well as on other factors, the 
heart normally beats about 70 times per 
minute. The body of the adult normally con- 
tains 4 1/2 to 5 1/2 quarts of blood. 

(2) Each heartbeat or cardiac cycle 
consists of a wave of contraction called sys- 
tole, followed by a wave of relaxation called 
diastole. Each wave starts at the atria and 
moves across the ventricles. When a cham- 
ber is in systole, blood is being forced out; 
and, when it is in diastole, blood is entering. 
The systolic pressure is the pressure during 
the contraction phase, the diastolic pressure 
is the pressure during relaxation, and the 
pressure between the two pulses is the pulse 
pressure. 


8-93. The Blood Vessels: i 

a. The vessels carrying blood from the 
heart to all parts of the body are the arter- 
ies. They branch out extensively as they 
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Figure 8-68. The Heart. 


course through the body, becoming progres- 
sively smaller, and end in minute vessels 
called arterioles. From the arterioles the 
blood passes through a network of micro- 
scopic, thin-walled channels called the capil- 
laries. From here the blood is collected into 
venules and then returned to the heart 
through veins of progressively larger size. 

b. Arteries are thick-walled and do not col- 
lapse when empty. Blood within arteries is 
moved forward by the pulsations of the ar- 
terial walls. Veins are thin-walled and col- 
lapse when empty. The force of muscles adja- 
cent to veins aids in the forward propulsion 
of blood toward the heart. Valves spaced 
frequently along the Jarge veins prevent the 
backflow of blood. Both arteries and veins 
are lined with endothelium. The capillary 
walls are composed of a single layer of en- 
dothelial cells. 
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8-94. Systemic Circulation. The systemic cir- 
culation follows an orderly pattern in which 
blood from the heart courses through the 
major arteries and its branches to all body 
tissues (except the lungs), and returns to the 
heart through major veins and their tribu- 
taries. 


a. Via the Major Arteries. The aorta is the 
primary arterial trunkline in the systemic 
circulation. It arises from the left ventricle, 
ascends superiorly, arches over the left lung, 
and descends through the thoracic and ab- 
dominal cavities along the spinal column to 
the level of the fourth lumbar vertebra. Here 
it bifureates into the right and left common 
iliac arteries which supply the lower extrem- 
ities. Major arteries supplying other parts 
of the body branch out from the aorta at 
specife locations. For descriptive purposes 
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the aorta may be divided into four regions: b. Via the Major Veins: 
the ascending aorta, the arch of the aorta, (1) In general, the major veins course 
the thoracic aorta, and the abdominal aorta. —_ through the body in proximity to the arteries 
The major arteries are shown in figure 8-69. and, in most cases, have the same name. 
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Figure 8-69. The Principal Arteries. 


8-70 


Blood from the veins of the heart drains 
through the coronary sinus into the right 
atrium. Blood from the head and neck drains 
into the jugular veins; that from the upper 
extremities, into the subclavian veins. On 
each side these veins join to form the right 
and left innominate veins, which, in turn, 
unite into the superior vena cava that opens 
into the right atrium. The superior vena 
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cava also receives the azygos vein, which, 
with its tributaries, returns blood from the 
thorax to the superior vena cava. The azy- 
gos vein begins in the abdomen as an exten- 
sion of one of the tributaries of the inferior 
vena cava and serves as a connection be 
tween the superior and inferior venae cavae 
in the return of blood to the heart. The major 
veins are shown in figure 8-70. 
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(2) From the lower extremities and abdo- 
men, two venous routes lead to the heart. In 
the direct route, blood from the lower ex- 
tremities moves through the right and left 
common iliac veins, which join at the level of 
the fifth lumbar vertebra to form the inferi- 
or vena cava. This major vein courses 
through the abdominal cavity in proximity 
to the aorta along the posterior abdominal 
wall. It receives the lumbar, genital, renal, 
adrenal, hepatic, and inferior phrenic veins 
as it ascends through the abdominal cavity, 
before it enters the right atrium of the 
heart. 

(3) Blood from the spleen and the ab- 
dominal organs of the gastrointestinal tract 
is not returned directly to the heart by way 
of the inferior vena cava. Instead, the veins 
draining the small intestine, stomach, lower 
esophagus, and spleen join to form the portal 
vein, which enters the liver. Blood from the 
tissues of the liver enters the hepatic vein, 
which then drains into the inferior vena 
cava en route to the right atrium. 


8-95. Pulmonary Circulation. The pulmonary 
arteries arise from the right ventricle and 
carry deoxygenated blood to the lungs where 
gaseous exchange occurs. The lungs are 
drained by the pulmonary veins, which carry 
oxygenated blood to the left atrium of the 
heart. 


8-96. Pathological Conditions. A thrombus is 
a clot of blood lodged in the bloodstream. If a 
clot or any foreign material travels from its 
origin till it becomes lodged in a smaller ves- 
sel, it is called an embolism. Atherosclerosis 
is a condition of arteries that results froma 
collection of cholesterol and fats on the inte- 
rior wall resulting in a narrowing of the 
lumen. Arteriosclerosis is a hardening of the 
arterial wall. An aneurysm is a ballooning of 
an artery or a vein. 


SECTION S—THE ENDOCRINE SYSTEM 


8-97. General. Within the body, in various 
localities, are the glands of internal secre- 
tion (“ductless glands’’). The substance se- 
creted by the glands into the blood is a “hor- 
mone.” The substances supplied by the endo- 
crine glands are minute in quantity since 
only a trace is necessary to produce an ef- 
fect. They reach different parts of the body 
in the bloodstream and influence the activity 
of one or another organ or tissue. The glands 
which produce hormones are—thyroid, para- 
thyroid, adrenal, pituitary, sex glands, pan- 
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creas (islet cells) intestinal glands, pineal, 
and thymus (figure 8-71). 


8-98. Thyroid Gland. The thyroid gland lies in 
the anterior region of the neck below the 
lower border of the larynx. It consists of two 
lobes connected by a strip of tissues called 
the “isthmus.” The hormone secreted by the 
thyroid is thyroxin; its main function is to 
regulate metabolism of the body. 


8-99. Parathyroid Glands. The parathyroids 
are small round bodies, usually four in num- 
ber, located in the posterior border of the 
lobes of the thyroid gland. The hormone of 
the parathyroid glands is parathormone. It 
regulates the calcium content of the blood 
and is related to the general metabolic state 
of calcium in the body. This is of particular 
importance since it influences the amount of 
calcium in certain tissues, bone formation, 
coagulation of blood, maintenance of normal 
muscular excitability, and milk production. 


8-100. Adrenal Glands. The adrenal glands 
(“suprarenal glands”), are two small bodies 
shaped like a cocked hat on top of each kid- 
ney. They consist of an outer portion (the 
“eortex”) and an inner portion (the “medul- 
la’). The hormone secreted by the medulla is 
“epinephrine” (adrenalin). It causes an in- 
crease in heart rate and blood pressure, and 
a rise in the sugar content of the blood. It 
enables the individual to mobilize the re- 
ee of the body during emergency peri- 
ods. 


8-101. Pituitary Gland: 

a. Frequently this gland is called the hy- 
pophysis. It is a small oval mass about the 
size of a pea situated in a bony depression of 
the middle cranial fossa known as the sella 
turcica. It is composed of anterior and pos- 
terior lobes. 

b. The pituitary gland is frequently re- 
ferred to as the “leader of the endocrine or- 
chestra” because of its widespread effect 
upon the other glands in the body, either 
modifying or controlling their secretions. 
The anterior lobe plays the master role, and 
many different effects have been attributed 
to it due to the action of the: 

(1) Growth hormone—which influences 
skeletal growth and deficiency. 

(2) Thyrotropic hormone—which influ- 
ences the thyroid gland causing it to secrete. 

(8) Gonadotropic hormone—which stim- 
ulates the gonads (ovaries and testes). 


8-72 





Figure 8-71. Location of Endocrine Glands. 


(4) Adrenotropic hormone—which is 
related to the growth of the adrenal gland. 

(5) Lactogenic hormone—which is re- 
sponsible for the growth of the mammary 
glands during pregnancy and for the produc- 
tion of milk. 

(6) Diabetogenic effeet—which is the 
relationship produced by the influence of the 
pituitary upon the pancreas. 
| (7) Parathyrotropi¢c effect—which has 
an influence upon the function of the para- 
thyroids. 

(8) Panereatrome effeet-—which stimu- 
lates the production of insuiin from the pen- 
creas. 

e. A crude extract can be obtained from 
the posterior lobe called “pituitrin.” The 
extract is divisiiie into two fractions (pi- 
tressin and pitocin). Essentially, the extract 
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of the posterior lobe has an effect upon 
smooth muscle causing it to contract. 


8-102. Sex Glands. The gonads (ovaries in the 
female and testes in the male) produce hor- 
mones which stimulate growth either as a 
man or as a woman. They also produce the 
cells concerned with reproduction (ova in the 
female and spermatozoa in the male). 


8-103. Pancreas. The islet cells of the pancre- 
as produce a hormone called “insulin,” which 
is essential for the oxidation of carbohy- 
drate in the tissues. 


8-104. Intestinal Glands. The duodenum sup- 
plies a hormone called “secretin,” which 
causes the intestinal juices to flow whenever 
food reaches the intestines. The liver and 
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spleen are also believed to supply hormones 
to the blood. 


8-105. Pineal Gland. The pineal gland is a 
small gland near the roof of the third ventri- 
cle of the brain. It exerts an influence on the 
rate of growth and the commencement of 
puberty. 


8-106. Thymus. The thymus is a temporary 
organ located partly in the neck and thorax. 
It is large in infancy and shrinks as the indi- 
vidual matures. Little is known of its func- 
tion. 


SECTION T—THE SPECIAL SENSES 


8-107. General. The specific adaptation of 
certain structures in the body permits recep- 
tion of stimuli and their subsequent trans- 
formation into sensation. In the designated 
areas of the cerebral cortex, these stimuli 
are converted into conscious processes. The 
skin and underlying connective tissue con- 
tain receptors for pain, temperature, and 
touch. Other receptors are located in muscle, 
tendon, tongue (taste buds), nose (olfactory), 
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retina of eye (visual), cochlea of ear (hear- 
ing), and labyrinth of ear (equilibrium). The 
parts of the sensory mechanism are the 
sense organ receptor, the pathway by which 
it is conducted into the central nervous sys- 
tem, and the sensory centers in the central 
cortex. The special senses include smell, 
taste, sight, and hearing. 


8-108. The Eye: 

a. The eye (figure 8-72) is specialized for 
the reception of light. The optic nerve con- 
veys the impulses to the visual area of the 
cerebral cortex where the sensation is made 
apparent. 

b. The eyeball is divided into an anterior 
chamber and a posterior chamber, separated 
by the crystalline lens. The anterior cham- 
ber contains the aqueous humor while the 
posterior chamber is filled with the vitreous 
humor. 

c. The retina is a delicate nerve membrane 
which receives the images and transfers 
these images to the optic nerve and ultimate- 
ly to the cerebral cortex. 

(1) Cones are concentrated near the cen- 
ter of the retina and dispersed to a lesser 
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Figure 8-72. The Eye. 
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degree away from the center. They are sensi- 
tive to light in the daylight range (from .1 to 
1000 millilamberts). 

(2) Rod cells are concentrated away 
from the optical center. They see in terms of 
shades of gray and do not differentiate col- 
ors. Sensitivity of the rods is as low as .0001 
millilambert. 


8-109. The Ear: 

a. The ear (figure 8-73) consists of the ex- 
ternal ear, the middle ear, and the internal 
ear. The external ear, the “auricle” or “pin- 
na,” is composed of cartilage covered with 
skin. It projects from the side of the head and 
collects sound vibrations, which are conduct- 
ed by the external auditory canal to the mid- 
dle ear. 

b. The middle ear is the irregular space in 
the temporal bone filled with air and contain- 
ing the auditory ossicles—the incus (anvil), 
malleus (hammer), and stapes (stirrups). 
They conduct vibrations from the tympanic 
membrane to the internal ear. The middle ear 
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is also connected with the nasopharynx by 
the auditory (eustachian) tube which equal- 
izes the air pressure in the middle ear with 
the exterior. Another communication exists 
pac has the middle ear and the mastoid air 
cells. 

c. The internal ear contains the receptors 
for hearing and equilibrium in relationship 
with the petrous portion of the temporal 
bone. Sound waves which transverse the ex- 
ternal auditory canal to the tympanic mem- 
brane (ear drum) set up vibrations; these 
vibrations in turn cause the auditory bones 
to vibrate. The waves are transmitted to a 
fluid and thence to the fibers of the hair cells 
of the organ of Corti. These in turn cause 
impulses to travel in the auditory nerve to 
the auditory center of the cerebral cortex. 

d. The semicircular canals, utricle, and 
saccule are concerned with equilibrium. 
Change in position of the head causes move- 
ment of a fluid within the canal and affects 
the nerve endings in contact with the hair 
cells. 
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Chapter 9 
CLINICAL AND NURSING ASPECTS 


SECTION A—CLINICAL ENVIRONMENT 


9-1. Cleanliness and Sanitation. The radiolo- 
gy section should not only be kept clean and 
orderly but also in inspection order at all 
times. The floors should always be kept clean 
and uncluttered. The X-ray tabletop is used 
for all kinds of examinations and should be 
cleaned frequently. It is good practice to rub 
off the tabletop with alcohol after eachexam- 
ination. Enough gowns and linen should be 
available to provide each patient with a 
clean gown, sheet, or towel as needed. Dirty 
linen should not be left hanging in dressing 
rooms but should be placed in containers for 
used linen. Sometimes routine measures are 
not sufficient to keep the department clean 
enough and a disinfectant must be used. 
Because many types of medical cases pass 
through the department, it might become a 
source of infection unless equipment, espe- 
cially cassettes and tabletops, are cleaned 
with a disinfectant. 


9-2. Personal Cleanliness. Patients expect 
technologists to be clean. When they see one 
who is not, they are likely to have doubts as 
to the type of care they will receive. Conse- 
quently, the technologist is obligated, both 
ethically and professionally, to keep clean. 
Hands, should be clean, fingernails trimmed 
and clean, face clean-shaven, hair well 
trimmed, shoes shined, and uniform fresh. 
The technologist should not neglect oral 
hygiene. Bad breath resulting from certain 
foods, alcoholic beverages, or improper den- 
tal habits is offensive and should be prevent- 
ed or corrected. Because the technologist 
will work in close contact with patients, he 
should guard against body odors. Finally, he 
should not neglect any sores or cuts on arms, 
hands, or face; they should be kept covered 
with clean bandages. 


SECTION B—CLINICAL ATMOSPHERE 


9-3. Patient’s Welfare. The patient’s wel- 
fare is often affected by his state of mind— 
the mental attitude inspired by the clinical 
atmosphere of the section in which he re- 
celves care or treatment. The radiologic 
technologist can promote a clinical atmos- 
phere conducive to the welfare of his pa- 
tients with an attitude of helpfulness, good 
manners, and by inspiring their confidence in 
his work. 


9-4. The Attitude of Helpfulness. Most pa- 
tients will be more cooperative if the tech- 
nologist has a helpful attitude. Some ways in 
which the technologist can be more helpful 
are as follows: 

a. Explain the Examination. Since a pa- 
tient will naturally be more at ease and more 
cooperative if he knows what to expect dur- 
ing the examination, explain the examina- 
tion to him briefly and clearly before it 
starts. Confidential medical information, 
however, should not be compromised. 

b. Provide for Privacy. The technologist 
should help the patient to remain covered or 
clothed as much as possible, and should re- 
spect the patient’s privacy. Only essential 
personnel should be allowed in the exposure 
room during the examination. 

c. Provide for Comfort. Patients should be 
seated comfortably in the waiting lounge, if 
possible. A cot, couch, or litter should be on 
hand for the use of any patient who suddenly 
becomes weak or dizzy. There should be pil- 
lows, towels, or sandbags on the exposure 
table to make the patient as comfortable as 
possible without interfering with the techni- 
cal aspects of the examination. Blankets 
should also be available for the patients who 
become cold. 

d. Provide for Care of Personal Effects. 
The patient’s personal possessions (watch, 
wallet, rings, etc) should be put in a safe 
place until the examination is over. If he has 
eyeglasses that must be removed, they 
should be placed where they will not be dam- 
aged. If he has dentures that must be re- 
moved, they should first be put on a clean 
napkin, or 4 X 4s, and then placed in a clean 
safe place. 


9-5. Clinical Manners of the Technologist. 
Patients form their impressions about the 
technologist from the attitude he reflects 
through his manners, working habits and 
conversation. The technologist should devel- 
op a professional attitude that is reflected in 
interest, sympathy, and patience for the pa- 
tient, pride in his work, and respect for his 
fellow workers and superiors. This profes- 
sional attitude should be apparent from his 
manners, the tone of his voice, the clarity of 
his instructions, his willingness to listen to 
patients, and his understanding and pati- 
ence during the examination. Patients re- 
spond and cooperate well in an atmosphere 
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created by this kind of attitude. However, if 
the technologist’s working habits are clumsy 
and haphazard, it will appear that he lacks 
pride and interest, and the patient’s confid- 
ence and cooperation will not be favorable. 


SECTION C—HANDLING AND MOVING 
PATIENTS 


9-6. Introduction. Technologists will fre- 
quently move and handle patients who are 
brought into the department in wheelchairs, 
on stretchers or litters, or who arrive encum- 
bered with casts. Since many disabled pa- 
tients will need help to move up and down, 
from side to side, and into different positions 
on the table, it is important to know how to 
move and lift them properly. By practicing 
the correct methods of moving and lifting, 
further injury and discomfort to the patients 
can be prevented. 


9-7. General Rules for Moving or Lifting Pa- 
tients. The following steps should be fol- 
lowed in moving or lifting a patient: 

a. First, explain to him exactly what you 
are about to do and tell him how he can help, 
if his condition permits. 

b. Before any movement begins, have the 
necessary equipment in place. 

c. Have someone hold the stretcher or 
wheelchair while the patient is being trans- 
ferred. 

d. If the patient is draped, arrange the 
draping so that he remains covered during 
the transfer. 

e. To begin the movement, place your feet 
comfortably apart (about 12 inches). 

f. Then stoop to a working level by flexing 
your knees, keeping your back straight and 
your elbows close to your body. 

g. Hold the patient (or part) as close to 
your body as possible during the moving. 
ee Slide, rather than lift, whenever possi- 

e. 

1. When a patient is so heavy that you 
cannot move him by yourself, get someone to 
help you. 

j. When two or more persons are moving 
or lifting, one person should give signals so 
that everyone lifts together. 


9-8. Assisting the Patient Onto the YTabte 


From a Wheelchair. Follow these sfoos in 
helping a patient onto the taide foom a 
wheelchai”: 

af. Places Say stoner 8 Ten Seer ne 
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b. Maneuver the wheelchair into position 
beside the table so that the footrest of the 
chair is against the footstool. 

c. Raise the footrest of the chair and 
bring the chair forward unitl the patient's 
feet rest on the footstool. 

d. Lock the wheelchair. 

e. With one arm under the patient’s shoul- 
der and the opposite hand behind and be 
tween his shoulders for support, help him to 
raise himself from the chair, if possible, and 
to step up on the footstool. 

f. Have him turn until his back is against 
the table. 

g. While still supporting the patient, have 
him sit on the side of the table and slide 
backward, if he can, until his buttocks are 
over the center line of the table. 

h. Have him lean slightly backward and 
grasp each side of the table for support. 
Then, supporting him with one arm, help him 
put his legs on the table. As his legs are lift- 
ed onto the table, rotate his trunk so that his 
body is aligned with the center line of the 
table. 

i. With one arm under his shoulders and 
the opposite hand between his shoulders, 
support him as he lowers himself into the 
supine position. 

j. To move a patient from a table into a 
wheelchair, reverse the above procedure. 


9-9, Moving a Patient Onto the Table From a 
Litter or Stretcher. These three methods may 
be used to move a patient onto a table froma 
litter or stretcher, depending on his condi- 
tion: 

a. Patient’s Movement. If the patient is 
able to move himself and has no spinal inju- 
ries, he may slide onto the table by shifting 
his weight on his hips and shoulders. During 
his movement, stand on the opposite side of 
the litter or stretcher and hold it steady. 

b. Draw Sheet Method: 

(1) Roll the litter alongside the table. 

(2) Pull the edges of the sheet from un- 
der the litter pad. 

(3) Three persons should stand on the 
opposite side of the table from the - litter, 
reach across and grasp the sheet, and pull it 
evenly and slowly until the patient is on the 
table. (NOTE: A fourth person should be on 
the other side to secure the litter.) 

c. Lifting. If the patient’s condition makes 
the draw sheet method impossible, he must 
he tfted onto the table. Three persons-should 
ivi him while a fourth person removes the 
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of the litter away from the table, face the 
table, and assume the proper lifting posi- 
tion. 

(3) The fourth person should stand at 
one end of the litter. 

(4) The first person should place an arm 
under the patient’s shoulders, supporting 
the head in the bend of his elbow, and put his 
other arm under the mid-thoracic portion of 
the patient’s back. 

(5) The second person should put his 
arms under the lower back and upper thighs. 

(6) The third person should put his arms 
under the thighs and legs. 

(7) At a signal, they slide the patient 
toward them to the edge of the litter. 

(8) Having adjusted to the proper posi- 
tions for lifting, they lift the patient by 
slowly straightening their knees. 

(9) The fourth person immediately with- 
draws the litter. 

(10) The three persons step forward and 
lower the patient, gently and carefully, onto 
the table by flexing their knees. 

(11) To transfer a patient back to the 
litter from the table, reverse the procedures 
of the first transfer. 


9-10. Moving a Patient up, Down, or Across 
the Table. To move a patient up, down, or 
across the table: 

a. Put a sheet on the table before the pa- 
tient is transferred from the litter or 
stretcher. 

b. Stand, with one foot forward, at the end 
or side of the table toward which the move- 
ment is to be made. 

c. Grasp the sheet close to the patient and 
shift your weight from your front foot to 
your rear foot. 


9-11. Turning a Patient on his Side From the 
Supine or Prone Position. To turn a patient 
on his side from a supine or prone position: 

a. By means of the draw sheet, move the 
patient to the side of the table opposite the 
side on which he is to be turned. 

b. Raise the patient’s arm (on the side on 
which he is to be turned) above his head. 

ce. With your hands on the patient’s far 
shoulder and hip, roll him forward (toward 
you) by shifting your weight from the front 
to the rear foot. Always turn the patient 
toward you. 


9-12. Turning a Patient From the Supine to 
the Prone Position. To turn a patient froma 
supine position to a prone position: 

a. Turn the patient on one side, as directed 
in paragraph 9-11. Leave his legs extended. 
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b. Extend his upper arm down the side. 

c. Bring his upper leg across and in front 
of the opposite leg. 

d. Place one of your hands on his chest and 
your other hand on his upper shoulder. 

e. Roll the patient toward you by shifting 
your weight from your front foot to your 
rear foot. 


9-13. Turning a Patient From the Prone to the 
Supine Position. To turn a patient from a 
prone to a supine position: 

a. Turn the patient on his side, as directed 
in paragraph 9-11. Leave the legs extended. 

b. Extend the patient’s upper arm down 
his side. 

c. Bring the upper leg across and behind 
the opposite leg. 

d. Place one hand on the patient’s upper- 
most shoulder and the other on his upper- 
most hip. 

e. Roll the patient toward you by shifting 
your weight from your front foot to your 
rear foot. 


9-14. Helping a Patient Sit on the Side of the 
ae To help a patient sit on the side of the 
table: 

a. Move the tube stand out of the way. 

b. Turn the patient on his side, as directed 
in paragraph 9-11. Flex the knees and extend 
the feet off the side of the table. 

c. Place one arm under the patient’s shoul- 
der and the other behind his knees with 
a hand under his lower thighs. 

d. Have the patient put his hands on your 
shoulders. 

e. Raise him by straightening your knees 
and by shifting your weight from your front 
foot to your rear foot. While raising, turn 
him so that his legs extend off the side of the 
table when he sits. Support him until he be- 
comes accustomed to the sitting position. 


9-15. Moving an Injured Extremity. To move 
an Injured extremity: 

a. Place a pillow in readiness to support 
the injured extremity; place the film holder 
on the pillow. 

b. Place both hands beneath the injured 
extremity at the joints above and below the 
injury. 

c. Raise the extremity slowly and gently; 
then place it on the film holder, making sure 
that the entire extremity is supported by the 
pillow. 

d. Any further movement of the extremity 
(up, down, or across the tabletop) can now be 
made by sliding the pillow. 
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SECTION D—SPECIAL PATIENT CONSID- 
ERATIONS 


9-16. Introduction. The radiologic technolo- 
gist must be concerned for the immediate 
welfare of the patients while they are in the 
radiology department. Therefore he should 
be familiar with certain patient conditions 
and he should know how to deal with them. 


9-17. Fainting. Fainting is due to an inade- 
quate flow of blood to the brain and may be 
caused by emotions, exhaustion, heat, bleed- 
ing, overcrowded rooms, or other factors. 
Patients who are most likely to faint are 
those who have just left a laboratory where 
blood samples were drawn, those who are 
weak and exhausted after preparing for a 
special examination, those suffering from 
severe emotional shock, those who have not 
eaten for several hours, and those in the ear- 
ly months of pregnancy: 

a. Symptoms. Some patients will complain 
of being sick and dizzy. Others lose con- 
sciousness without warning. In each case, 
the face is pale, the skin moist, the pulse 
weak, the breathing shallow, and the pupils 
dilated. After regaining consciousness, some 
patients will say that a black cloud seemed 
to pass before their eyes as they were losing 
consciousness. 

b. Technologist’s Responsibilities: 

(1) As soon as the patient complains of 
feeling sick and dizzy, have him lie down. 
Then elevate his legs by placing a pillow, 
sandbag, or other object under them and 
loosen any tight clothing. Bathing his face 
with a cloth or towel soaked in cold water is 
also helpful. 

(2) If the patient cannot lie down, have 
him sit in a chair or on a stool with his head 
bent forward between his knees. Steady him 
so that he cannot fall forward to the floor if 
he should suddenly lose consciousness. 

(3) When a patient falls without any 
warning, put him on his back, raise his legs, 
and loosen his tight clothing. You may then 
wet his face with cold water or supply smell- 
ing salts or an ammonia inhalant. 

(4) Whenever a patient faints, send for a 
doctor immediately. 

(5) Be prepared to give the doctor a 
complete report of your observations. 


9-18. Chills. A chili is w sensation of eold ai- 
tended with inveitmtery <hniveving and shik- 
Ing, usually foliowed by a sherply elevated 
temperature. [t may occur at the onset or 
during the course of a disease, periodically 
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as in malaria, or it may accompany the de 
velopment of complications: 

a. Signs and Symptoms. The patient 
usually complains of feeling very cold, his 
teeth may chatter, he begins to shiver, and 
his skin becomes pale. He may be euphoric, 
confused, or delirious. His pulse and respira- 
tion rates increase and his body temperature 
becomes extremely high. 

b. Technologist’s Responsibilities: 

é (1) Cover the patient with extra blan- 
ets. 

(2) Apply external heat with hot water 
bottles, if any are available. 

(3) Take the patient’s temperature. 

(4) When the chill subsides, the patient 
will feel extremely warm or hot. Remove the 
hot water bottles and extra blankets, but 
keep the patient covered and warm. Other- 
wise, the chill is likely to recur. 

(5) Be prepared to report to the doctor 
the exact time the chill occurred, its severity 
(shivering and shaking), its duration, and 
the patient’s temperature. 


9-19. Nose Bleeds. Nose bleeds may occur at 
any time, although patients with high blood 
pressure or nasal irritations are most likely 
to experience them. The immediate treatment 
is to have the patient sit or stand, then tilt 
his head slightly backward and press a cold, 
wet compress over his nose. Usually the 
bleeding lasts for only a few minutes; if it 
persists, a doctor should be notified. 


9-20. Convulsions. A convulsion, or seizure, 
is not a disease, but a sympton of disturb- 
ance of the central nervous system. Convul- 
sions may occur at the onset of high fever in 
small children and in patients with infec- 
tious diseases, arteriosclerosis, head inju- 
ries, brain tumors, chronic alcoholism, and 
idiopathic epilepsy: 

a. Types of Convulsions. You may be re- 
quired to deal with the following types of 
convulsions: 

(1) Hysterical Seizure. Hysterical sei- 
zures are not a true type of convulsive disor- 
der. However, a patient with a hysterical 
reaction may have a seizure. While these sei- 
zures may resemble true epileptic convul- 
sions because severe tremor or rigidity of 
the body may accompany them, they are to- 
tally different in many ways. A patient with 
2 hvsterical seizure will usually fall slowly 
and pot hurt himself. He usually closes his 
eves tightly and moves his head from side to 
side in a writhing motion. He may clench his 
teeth but will not bite his tongue. Usually, it 
is difficult te raise his eyelids with a finger. 
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He is not incontinent; nor is he stuporous 
after the seizure. 

(2) Jacksonian Epilepsy. A localized ir- 
ritation in the motor area of the brain caus- 
es this type of seizure. It may involve only 
certain groups of muscles, or it may spread 
over the entire body. 

(3) Grand Mal. Grand mal is a very dra- 

matic manifestation. A few seconds before it 
begins the patient may have an aura, or 
warning. This may consist of a queer feeling 
in the stomach, a peculiar sensation in any 
part of the body, peculiar tastes, spots, 
flashes of light, or buzzing noises; he may 
cry out sharply. Then he falls unconscious, 
all his muscles contract, and he becomes 
completely rigid. His face, at first, becomes 
pale—then, cyanotic (characterized by blue- 
ness of the skin). His eyes become fixed, with 
their pupils dilated. He may involuntarily 
pass stools or urine. This is called the tonic 
phase of the seizure and lasts from 10 to 20 
seconds. It is followed by the clonic phase, 
during which his muscles alternately con- 
tract and relax. His tongue may fall between 
his teeth, and he may bite it when he clamps 
his jaws together. He froths at the mouth. 
Gradually the jerking becomes less severe, 
and the cyanosis disappears. This period 
may last from 2 to 3 minutes. After the sei- 
zure he goes into a deep sleep, which some- 
times lasts for several hours. When he awak- 
ens, he may be confused and disoriented and 
may complain of a headache and muscular 
soreness. 


(4) Status Epilepticus. Sometimes a pa- 
tient has rapidly recurring grand mal sei- 
zures without regaining consciousness. This 
condition, called status epilepticus, is some- 
times fatal. 

b. Care of Patients During Convulsions. 
You should take the following steps to help a 
person who is experiencing a convulsion: 

(1) Send for a doctor immediately; how- 
ever, do not leave the patient alone if you are 
the only person with him. | 

(2) Stretch the patient on the floor or a 
table. 

(3) Loosen the clothing around his neck 
and chest. 

(4) Turn his head to one side so that 
mucus and saliva can flow from his mouth. 

(5) Quickly put a firm object, such as a 
padded tongue depressor, between his teeth 
so that he will not bite his tongue. DO NOT 
PUT YOUR FINGERS IN HIS MOUTH. 

(6) During the convulsions, protect the 
patient from injury by guiding his move 
ments, but do not restrain him. 
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c. Observation and Reporting. After the 
convulsion, furnish the doctor with an accur- 
ate account of what happened based on the 
following observations: 

(1) Did the patient appear confused or 
behave strangely before the seizure? 

(2) Did he cry out? 

(3) Were both tonic and clonic spasms 
eee if they were, how long did they 
ast! 

(4) What was the rate of his pulse and 
respiration? 

- (5) Did his face and lips become cyanot- 
ic? 
(6) Did he froth at the mouth? 

(7) Did he bite his tongue or lips? 

(8) Did his pupils react to light? By con- 
tracting? By dilating? : 

(9) Were there bruises or other injuries? 

(10) How long was he unconscious? 

(11) Did he become incontinent? 


9-21. Diabetic Patients. Diabetes is a meta- 
bolic disorder which is probably caused by 
deficiency of insulin produced by the islet 
cells of the pancreas. It is controlled by diet 
therapy and insulin administration. Because 
of the possibility of infection and insulin 
shock, a patient with a serious case of diabe- 
tes should have special care and should be 
carefully observed while he is in the radiolo- 
gy section: 

' a. Danger of Infection. Diabetic patients 
are prone to infection. Since any break or 
bruise of their skin could break down and 
become an ulcer, you must help to protect 
them from infection by using clean gowns, 
sheets and towels; by cleaning and disinfect- 
ing the tabletop; and by practicing personal 
cleanliness. 


b. Insulin Shock. Diabetic patients some- 
times go into insulin shock because they 
have not eaten enough or because they have 
had an overdose of insulin. These patients 
may go into convulsions and coma if they are 
not treated: | | 

(1) The signs and symptoms of insulin 
shock are: 
(a) Weakness, pallor, and profuse 
perspiration. 
. (b) Hunger, dizziness, and apprehen- 
sion. 
(c) Nervousness and tremor. 
(2) The treatment and first-aid measures 
for insulin shock are: 
(a) Notify a doctor immediately. 
(b) Give the patient sugar in some 
form (lump sugar, candy, orange juice, or 
sweetened fluids, for example). 
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(c) Keep him warm with extra blan- 
kets. 

(d) The doctor will usually order that 
an injection of 50 percent glucose be pre- 
pared for administration to an unconscious 
patient. The equipment needed for this in- 
cludes: 50 cc syringe, 19 gauge IV needle, 
ampule of 50 percent glucose, tourniquet, 
and alcohol sponges. 


9-22. Patients With Head Injuries. Patients 
with head injuries require careful handling 
and close observation while they are in the 
radiology clinic: 

a. Handling. The first consideration in 
handling this type of patient is to see that he 
does not receive further injury: 

(1) The equipment should be arranged 
and the radiographic position modified so 
that minimum movement is required. For 
example, a lateral skull can be taken cross- 
table. 

(2) Do not let the patient’s head rest on 
the side that is injured; further depression 
might result, if this is allowed to happen. 

b. Observation. If there is no doctor pres- 
ent, you should watch especially for indica- 
tions of increased intracranial pressure. 
Some indications of this are pulse and brea- 
thing rates, shallow breathing, and some- 
times Cheyne-Stokes breathing. (Cheyne- 
Stokes respiration is characterized by 
rhythmical variations in intensity, occuring 
in cycles.) Summon a doctor at once if you 
notice these symptoms. 


9-23. Patients With Spine Injuries. The first 
consideration, when examining patients with 
spine injuries, is to prevent damage to the 
spinal cord. This requires special care in 
handling and positioning: 

a. Handling: 

(1) Do not attempt to move the patient 
froma stretcher to a table without adequate 
help. 

(2) Move him as if he were a board, 
maintaining a neutral anatomic position, or 
normal curvature of his spine. 

(3) Do not twist his body or allow it to 
bend. 

(4) Keep his head aligned with his body. 

b. Positioning. While on a table, the pa- 
tient should be supported with pillows, fold- 
ed towels, and sheets so that the normal cur- 
vature of his spine is maintained. (NOTE: 
Whenever the cervical spine is injured, move 
the patient only under the direction of a doc- 
tor.) 


P-5119 1 August 1974 


9-24. Arthritic Patients. Arthritis, known in 
lay terminology as rheumatism, is an inflar- 
mation of a joint, its tissues, and related 
structures. It is manifested by swelling, red- 
ness, heat, and extreme tenderness in the 
joint and is sometimes accompanied by ele 
vated temperature and chills. Its tenderness 
makes the slightest movement or jarring 
extremely painful. Often an arthritic victim 
cannot move a joint, limb, or his body. The 
first consideration should be to minimize his 
pain by careful handling. Get all the help 
needed to move him and avoid jostling or jar- 
ring his wheelchair or stretcher. In position- 
ing, be extremely careful with extremities or 
other joints and do not have the patient as- 
sume an unduly painful position. Remember, 
many standard positions are unbearable to 
arthritic patients, so you must modify them 
(with the concurrence of the requesting doc- 
tor). 


9-25. Paralyzed Patients. Diseases such as 
poliomyelitis, and injuries such as spina! 
cord injuries, may leave patients paralyzed. 
The first consideration in dealing with pa- 
tients of this kind is to handle their para- 
lyzed limbs properly: 

a. Paralyzed limbs must be handled care- 
fully and gently. In moving a patient onto 
the table, his paralyzed limbs should not be 
allowed to get caught between the litter and 
table. 

b. In positioning, a paralyzed limb must 
be kept in proper alignment with the rest of 
the patient’s body; it must not be left under 
his body or allowed to hang over the side of 
the table. 


9-26. Cardiac Patients: 

a. General Considerations. Many patients 
with such heart conditions as coronary oc- 
clusion, angina pectoris, and decompensa- 
tion must have frequent radiographic exami- 
nations. Whether a cardiac patient is exam- 
ined in the clinic or on the ward, the prob- 
lems and considerations are the same. Be- 
cause fear and apprehension affect these 
patients adversely, you can help them by 
explaining the examination to them clearly 
and tactfully. Since many cardiac patients 
are on complete bed rest, you should enlist 
all the help needed that will make it unneces- 
sary for the patient to exert himself. You 
should try to modify the positions to afford 
the most comfort with the least strain. No 
positioning snould interfere with respiration 
because inany cardiac patients already have 
diMculty in breathing. 
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b. Observation. In observing a cardiac 
patient, note the following: 

(1) Respiration. The patient’s respira- 
tion should be checked when he reaches the 
clinic and if labored breathing is noted, you 
should support him in a body position in 
which he can breathe more easily. Then let 
him rest before you continue the examina- 
tion. 


(2) Pulse. The patient’s pulse should be 
counted and its rhythm, force, and volume 
noted when he arrives for the examination, 
and should be counted periodically during 
the examination. 

(3) Cyanosis. You should observe pa- 
tients taken from an oxygen tent or when an 
oxygen mask is removed. At the first sign of 
cyanosis (blueness of the lips and finger- 
nails), summon a doctor. 


9-27. Patients With Blood Conditions. Pa- 

tients with abnormal blood conditions such 

as acute anemia and leukemia require spe- 

cial care during radiographic examinations. 
a. General Signs and Symptoms: 

(1) Weakness and fatigue. 

(2) Dyspnea or exertion due to a lack of 
hemoglobin to carry the oxygen. 

(3) Faintness, vertigo, and palpitations. 

(4) Pallor. 

(5) Rapid pulse. 

b. Considerations: 

(1) Warmth. Since patients with blood 
conditions are much more sensitive to cold 
than other patients, they should be fur- 
nished with blankets while they are being 
examined. 

(2) Reverse Isolation. Because these 
patients are susceptible to infection, they 
must be kept away from patients with com- 
municable diseases. This is known as reverse 
isolation. 

(3) Prevention of Injury. Since a patient 
of this type is weak and is likely to hurt him- 
self by falling or stumbling when he gets on 
the table or rises from the wheelchair, you 
must help him whenever he moves. 


9-28. Seriously Ill Patients or Patients With 
Chronic Debilitating Diseases. In dealing 
with seriously ill patients and patients with 
chronic debilitating diseases: 

a. Be gentle with them even though they 
may be insensitive. 

b. Talk in a normal tone; do not whisper. 

c. Do not mention the patient’s condition 
—even if he seems to be stuporous or coma- 
tose. 
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d. Tell the patient what you are doing. 
This might give him reassurance if he is able 
to understand you. 

. e. Do not expose the patient unnecessari- 
y. 


9-29. Elderly Patients. Elderly patients are 
likely to have impaired hearing and vision. 
They also may be weak, feeble, and thin with 
bony prominences that are sensitive to hard 
surfaces. They may have difficulty under- 
standing your explanations. Some may act in 
a childish manner and do such things as hold 
on to objects or hoard worthless articles. 
Deal with these patients as follows: 

a. Guide their movements. They might not 
see the extension cone just overhead and 
bump their heads, or they might walk into a 
cassette changer, or stumble over a foot- 
stool. 

b. Do not leave patients of this type unat- 
tended in a wheelchair or on a litter. 

c. Explain to the patient what you are 
doing, clearly and patiently. 

d. Make the patient as comfortable as 
possible by providing pillows, towels, and 
any other support of his bony prominences 
that is needed. 

e. Be patient with patients who seem chil- 
dish or unable to cooperate. 


9-30. Patients With Stomach or Intestinal 
Tubes. In dealing with patients who have 
stomach or intestinal tubes, your primary 
concern should be careful handling to keep 
the tube from moving in or out from its origi- 
nal position: 

a. Do not insert the tube farther, and do 
not pull it out to any extent. 

b. In positioning, always move the patient 
toward the tube. 


9-31. Patients Receiving Parenteral Fluids. 
When patients who are receiving parenteral 
fluids arrive in the radiology section you 
should: 

a. See that the IV bottle is moved with the 
patient. 

b. Guide the patient’s arm so that the nee- 
dle is not dislodged. If it becomes dislodged, 
clamp off the tubing and send for a nurse 
immediately. 

c. In positioning, move the patient toward 
the tubing. 


9-32. Patients With Bedsores. Patients who 
have been bedridden for a long time are likely 
to have bedsores caused by poor circulation 
in parts of the body that are subjected to 
pressure. The areas that are likely to have 
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these sores are the elbows, occiput, upper 
vertebral border of the scapulae, lumbar 
processes, greater trochanters, ischial tub- 
erosities, sacrum, and heels. Be very careful 
and gentle in lifting and moving these pa- 
tients; keep your arms and hands away from 
the involved areas. A nurse or physician 
should be present while patients of this type 
are being examined—especially if the sores 
are complicated or widespread. 


SECTION E—RESUSCITATION 
DURES 


9-33. Introduction. Resuscitation is restora- 
tion to life or consciousness. A person who 
has stopped breathing is not necessarily 
dead, but he is in immediate danger of dying. 
Nor is a person whose heart has stopped 
beating necessarily dead, Life is dependent 
upon oxygen. The body cannot store oxygen, 
and the blood can hold only a limited amount 
of this element for a short time. It is impera- 
tive that when the heart stops beating (a 
condition known as cardiac arrest), the tech- 
nologist must not only perform external car- 
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Figure 9-1. Mouth-tc-Meuin Resuscitation. 
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diac compression but must also oxygenate 
the blood by means of artificial respiration. 


9-34. Mouth-to-Mouth Resuscitation. This is 
the oldest known way of treating asphyxia. 
It is considered the best method of artificial] 
respiration. Figure 9-1 illustrates the steps 
In mouth-to-mouth resuscitation. SPEED IS 
ESSENTIAL. To perform this procedure, 
remove all foreign bodies from the patient’s 
mouth and throat. Put the patient in the sup- 
ine position. Tilt his head back to hyper-ex- 
tend his neck. This opens and alines the air 
passage. Pinch the patient’s nostrils closed 
and place your mouth over the patient’s 
mouth, forming a tight seal with your lips. 
(If the patient is a small child, place your 
mouth over his mouth and nose.) Your mouth 
must be wide open in order for it to cover and 
seal the patient’s open mouth completely. 
Breathe (if the patient is a small child, puff) 
into the patient’s mouth smoothly and firmly 
until you see his chest rise showing that the 
lungs have been inflated. Be especially care. 
ful with a child—you can easily overinflate 
and rupture his lungs. At this point remove 
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your lips and allow the patient’s lungs to 
empty. You should hear and feel air escape 
from the patient’s lungs. Repeat this cycle 
12 times per minute for adults and 20 times 
per minute for small children. If the abdomen 
becomes distended, place your hand over the 
patient’s stomach and apply moderate pres- 
sure to expel air from it. Pause momentarily 
after each 12 breaths and exhale normally. 
If you become dizzy, you are working too 
fast. Continue this cycle until the patient 
resumes spontaneous breathing or until a 
physician pronounces him dead. 


9-35. Closed-Chest Heart Compression. When 
a heart attack, an electrical shock, or any 
other condition causes a person’s heart to 
stop, you may save his life by performing 
closed-chest heart compression. You must 
start this method of cardiac resuscitation 
within 3 minutes after the heart stops beat- 
ing in order to keep the flow of oxygenated 
blood circulating, specifically to the brain. 
CAUTION: In case of electrical shock be 
sure to either turn off the power switch or 
remove the patient from the source before 
starting resuscitation procedures. In remov- 
ing him from the source, do not touch him 
with your hands! Use a non-conductive mate- 
rial. This method also provides some ventila- 
tion. Begin by giving the patient five good 
breaths through mouth-to-mouth resuscita- 
tion; then start closed-chest heart compres- 
sion. 


a. Kneel beside the patient. Place the heel 
of one hand on the lower end of his sternum. 
Place your other hand on top. The correct 
position of the hands is shown in figure 9-2. 
Press downward with both hands at the rate 
of one compression per second. The sternum 
should depress 1 1/2 or 2 inches. Lift your 
hands after each compression to permit the 
sternum to return to its normal position. 
Each compression stroke forces blood from 
the heart. When the hands are lifted, the 
heart is allowed to refill. Repeat two good 
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breaths after every 15 compressions of the 
sternum. 


b. Continue the closed-chest heart com- 
pression until the heart resumes beating or 
until you are relieved by a physician. Rib 
fractures and laccation of the liver are 
complications which can occur when closed- 
chest heart compression is applied improper- 
ly. You can avoid these complications by 
paying strict attention to prescribed tech- 
niques. There are several mechanical aids in 
use that perform the functions of resuscita- 
tion, inhalation, and aspiration. However, 
because of the complexity of the equipment, 
you must receive the necessary instructions 
from qualified personnel before attempting 
to use them. 
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Figure 9-2. Closed-Chest Heart Compres- 
sion. 
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Chapter 10 
POSITIONING 


SECTION A—BASIC CONSIDERATIONS 


10-1. The X-ray Request Slip. The term “X- 
ray request slip” is applied to Standard 
Form 519-A (Radiographic Reports). In addi- 
tion to other essential data, the X-ray re- 
quest slip will state the exact part or region 
to be examined and contain a brief review of 
the pertinent history and physical findings. 
The technologist’s concern with the cause, 
diagnosis, or treatment of a disease, is only 
as an aid to demonstrate it radiographically. 
The method of positioning the patient and 
the selection of the exposure factors are de- 
termined by the technologist from the infor- 
mation given in the request slip. It is the 
technologist’s duty to read the request slip 
carefully, determine the projections to be 
taken, and then perform the examination in 
accordance with the clinic’s policy. If there 
is any question concerning exactly what is 
required, or if there is any doubt in the tech- 
nologist’s mind how any aspect of an exami- 
nation is to be accomplished, he should con- 
sult the person-in-charge or the radiologist 
(or other appointed supervisor) before pro- 
ceeding with the examination. 


10-2. Projections To Be Taken: 

a. The projections to be taken of a given 
part depend upon the patient’s clinical histo- 
ry and the clinic’s procedural guide. General- 
ly, at least two projections (an AP or PA and 
a lateral), are needed to adequately demon- 
strate the structures under study. This es- 
tablishes a difference of 90° between the two 
projections with reference to the plane of the 
part to the film. In this way, three-dimen- 
sional visualization of the part is obtained. 
The two projections can be made on one film, 
providing the film is large enough, by mask- 
ing half of the film while the other half is 
being exposed; or, they can be exposed on 
separate films. 

b. There are some parts of the body which 
are not adapted to this “right angle” princi- 
ple, and in these locations such projections 
cannot be readily obtained. There are other 
parts where gross superimposition of struc- 
tures renders this basic method of approach 
inadvisable. Then there are some isolated 
Instances wherein one projection may be 
sufficient for a routine study of the part—for 
example, the chest. 


c. Sometimes an oblique or a semilateral 
projection may be taken in place of the later- 
al or in addition to the two right angle 
projections. For those regions of the body 
(for example, clavicle, hip, shoulder, mas- 
toid) where it is difficult or impossible to se- 
cure the two right-angle projections, the ra- 
diologist may request stereoscopic projec- 
tions which are made when perception of 
depth and visualization of underlying struc- 
tures are important factors. 


10-3. Terminology of Radiographic Position- 
ing. A radiograph may be referred to by dif- 
ferent names. For example, it may be re- 
ferred to by the name of the originator, the 
structures being demonstrated, the anatomi- 
cal surface in contact with the film, or the 
anatomical surfaces denoting the entrance 
and exit of the CR. This lack of uniform ter- 
minology has made it difficult to establish a 
standard nomenclature. The terms presented 
below are acceptable because each conveys 
an exact and specific meaning. 


a. View. A view of a particular part can be 
described as how the film “sees” the part 
being X-rayed. For example, in a posteroan- 
terior (PA) projection of the chest the film is 
on the anterior aspect of the chest and 
“views” the chest from anterior to posterior. 
Therefore a PA projection of the chest is an 
anteroposterior (AP) view (also called an 
anterior view). 


b. Position. Position denotes the position 
of the patient. For example, most routine 
chest radiographs are done with the patient 
in the upright position using a PA projec- 
tion. Some other positions are supine, prone, 
et cetera. In addition, radiographs named 
after the originator are commonly referred 
to as position, such as Water’s position. 


ce. Projection. Projection refers to the path 
of the CR. For example, in a PA projection of 
the chest, the CR enters the posterior aspect 
of the chest and exits from the anterior as- 
pect—thus a posteroanterior (PA) projection 
of the chest. As a general rule in this text, 
radiographs will be designated by the projec- 
tion—AP pelvis is an AP projection, PA hand 
is a PA projection, et cetera. Exceptions are 
obliques and decubitus radiographs which 
are explained later in this paragraph and in 
paragraph 10-4. 


10-2 


d. Using View, Position, and Projection 
Interchangeably. Many technologists prefer 
not to use the terms view, position, and 
projection according to the descriptions giv- 
enina, b, andc above. They prefer to use the 
terms interchangeably. For example, in re- 
ferring to a PA chest it could be referred to 
as a PA view, PA position, or PA projection. 
The same is true of radiographs referred to 
by the originator’s name, such as Water’s, 
which could be Water’s view, Water’s posi- 
tion, or Water’s projection. 

(1) Anteroposterior or Posteroanterior. 
Anteroposterior (AP) indicates that the CR 
entered the anterior surface of the part and 
emerged from the posterior surface. Poster- 
oanterior (PA) indicates that the CR entered 
the posterior surface and emerged from the 
anterior surface. Thus, a “PA projection of 
the cranium” is made with the CR entering 
the posterior surface of the cranium and 
emerging from the anterior surface, whereas 
an “AP projection of the cranium’ is made 
with the CR passing from the anterior to the 
posterior surface of the cranium. 


(2) Lateral. The term lateral designates 
a side projection or view of the part. The CR 
may pass from the lateral to the medial as- 
pect or surface of the part (usual procedure 
for the upper extremities), from the medial to 
the lateral surface (usual procedure for the 
lower extremities), or from the lateral to the 
lateral surface (as for the trunk or skull). 
For lateral projections of the extremities, 
lateromedial or mediolateral describes the 
entry and exit points of the CR. Lateral 
projections of the trunk and the skull are 
designated as right lateral or left lateral, 
depending upon which side of the part is 
placed nearest the film. 


(3) Oblique. The term oblique (or semila- 
teral) applies to a projection made with the 
part at an inclined angle to the film or with 
the CR directed obliquely. In a true oblique 
position the part is rotated 45° (the differ- 
ence between the AP (or PA) and the lateral). 
Four distinctly different oblique projections 
(figure 10-1) can be accomplished; it is impor- 
tant that the correct terminology be applied. 
The terms describing oblique projections of 
the extremities are slightly different from 
those describing oblique projections of the 
trunk and the skull. 

(a) For the extremities, anteroposter- 
lor or posteroanterior, depending upon the 
projection, constitutes the first part of the 
name of all obliques; medial or lateral, de- 
pending upon the side nearest the fiini, con- 
stitutes the secund part of the naine of the 
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Figure 10-1. Oblique Positions of the Left 
Lower Extremity and Trunk. 


oblique. The four obliques of the extremities 
are: 
Anteroposterior medial oblique (APMO) 
Posteroanterior medial oblique (PAMO) 
Anteroposterior lateral oblique (APLO) 
Posteroanterior lateral oblique (PALO) 
Thus an “APMO projection of the knee’”’ indi- 
cates that the CR passes from the anterior 
to the posterior surface, with the medial sur- 
face of the knee nearest the film. 


(b) For obliques of the trunk and 
skull, the part in contact with the film indi- 
cates the name of the oblique. The four 
obliques of the trunk and skull are: 

Right posterior oblique (RPO) 

Right anterior oblique (RAO) 

Left posterior oblique (LPO) 

Left anterior oblique (LAO) 
For example, a “RPO of the lumbar spine” 
indicates that the right posterior portion of 
the panent’s back is in contact with the film 
or tabletop. 


a he 
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10-4. The Decubitus Positions: 

a. No matter what condition 1s to be dem- 
onstrated in a decubitus position, two things 
must coexist—(1) the patient must be lying 
down and (2) the CR must be horizontal. 

b. The four decubitus positions (figure 10- 
2) are—supine; prone; right lateral (on the 
right side); and left lateral (on the left side). 
Using a horizontal CR, it is possible to se- 
cure two different projections for each decu- 
bitus position. The lateral projections (right 
and left) can be done with the patient in the 
supine or in the prone decubitus position; the 
AP or PA projections can be made with the 
patient in either of the lateral decubitus po- 
sitions. 


c. Decubitus terminology indicates the 
position of the patient during the examina- 
tion. For example, if a “PA projection of a 
left lateral decubitus position” is requested, 
the projection should be made with the pa- 
tient lying on his left side; the film should be 
on the anterior aspect of the body; and the 
horizontal CR should pass from the poster- 
ior to the anterior. For a “left lateral projec- 
tion of a supine decubitus position,” the pa- 
tient would be lying on his back, the film 
would be at his left side, and the horizontal 
CR would pass from right to left.. Lateral 
projections of supine or prone decubitus po- 
sitions may also be referred to as “Tran- 
schest”, “trans-abdominal” or “cross-table 
lateral” projections. | 

d. If the patient is lying on the affected 
side in any decubitus position, it is necessary 
to elevate the body sufficiently to show the 
inferior side clearly on the film. This may be 


done by having the patient lie on folded blan- 
kets or sheets or on a firm pad. 

e. The reference point for centering the 
CR and the technique factors used for a de- 
cubitus projection should be in keeping with 
those used for a normal projection of the 
same area. In the examination of those parts 
calling for a grid, a portable Bucky or grid- 
cassette should be used. (If the examination 
is conducted in the clinic, a vertical table 
with Bucky in combination with a wheeled 
litter is satisfactory.) 
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f. The identification data (paragraph 10-7) 
is usually placed along the lateral border of 
the cassette corresponding to the side of the 
body that is up. The letter marker (R or L) 
indicates the side nearest the film in lateral 
projections; or the side on which it is placed 
in AP or PA projections. In addition to the 
regular data, the following should be includ- 
ed in the marker: (1) the type of decubitus 
position, (2) the designation of the projec- 
tion, and (8) the identity of the side that is up 
(a lead arrow pointing up). This data identi- 
fies the film unquestionably as a decubitus- 
type projection, making the details on the 
film more readily recognizable to any film 
interpreter. 


10-5. Proximity of the Part to the Film. In 
positioning the part for the exposure the 
basic rule is—place the part as close to the 
film as true anatomical visualization will 
permit. For example, in an examination of 
the scapula an AP projection would be pref- 
erable to the PA; and, a mediolateral projec- 
tion with the injured scapula nearest the film 
would be preferable to a lateromedial, which 
would have to be made with the injured sca- 
pula away from the film. The principle of 
placing the part as close to the film as possi- 
ble is used in the positioning techniques 
presented in this chapter. A few exceptions 
will be noted in the directions given for the 
oblique projections. 


10-6. Film-Part-CR Relationship, Each radi- 
ographic projection has a desired film-to- 
part-to-CR relationship. For each projec- 
tion, the given part is adjusted so that a par- 
ticular plane or level is brought into a def}- 
nite relationship with the film. The CR is 
then directed at a particular angle to the 
part and the film. There are times when it is 
difficult or impossible to achieve, or main- 
tain, the ideal film-part-CR relationship be- 
cause of the patient’s condition, but the ba- 
sic concept must always be kept in mind. The 
technologist should always try to duplicate 
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Figure 10-2. Decubitus Positions. 
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the recommended part-to-film-to-CR rela- 
tionship without undue strain or discomfort 
to the patient. 


10-7. Identification of the Radiograph: 
a. General: 

(1) A clinic cannot function properly 
without a satisfactory X-ray film marking 
system. It is necessary to identify the film 
with the patient and the clinic, as well as to 
designate the right and left sides and what- 
ever additional information is desired. 


(2) There are several ways of marking 
films for identification. The most common 
method used is to write or type the patient’s 
name, rank, et cetera on a3 X 5inch card and 
flash the information onto an unexposed por- 
tion of the film in the darkroom before devel- 
opment. A separate date card can be used to 
record the date, or the date can be put on the 
film during exposure, or the date can be put 
directly on the card. Lead R and L markers, 
and other pertinent information are taped to 
the film before exposure. Another method is 
to assemble all the information on an alumi- 
num tab or strip, using lead numerals and 
letters, and tape the tab to the film before 
exposure. In this case the patient is usually 
identified by a number rather than his full 
name. 


(3) Film identification marker sets are 
obtained through regular medical supply 
channels. The set consists of a multiple-com- 
partment storage box, plastic-mounted lead 
numbers and letters, and a tab or strip on 
which the data may be assembled. If the is- 
sue lead numbers and letters seem to be pene- 
trated to the extent that may affect their 
readability on the finished film, a filter can be 
used to provide a background for the cap- 
tion. The lead foil backing of a cardboard 
holder is excellent material for such a filter. 

b. Data To Be Included. The following in- 
formation should appear on each radi- 
ograph. 

(1) Patient Identification. Include such 
data as patient’s name, age, sex, film num- 
ber, rank, service number, et cetera. 

(2) Date. Include the day, month, and 
year of the examination. 

(3) Designation of Medical Facility. 
Show the name of the medical facility. 

(4) Side Marker. The letters R and L 
correspond to the right or left sides of the 
body. 

(a) Extremities. For the extremities, R 
or L designates the particular extremity 
(right or left) represented in the radiograph. 
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(b) Trunk or Skull: 

1. AP or PA Projections. The mark- 
er, Ror L, is placed so that it designates the 
side of the body. 

2. Lateral Projections. The R or L 
indicates the side of the body nearest the 
film. 

3. Obliques. In all instances the R or 
L indicates the side of the body—usually the 
side of the body nearest the film. If the area 
to be demonstrated is confined to a particu- 
lar side of the body, the R or L must corre- 
spond to that particular side, whether the 
side is nearest the film or not. For example, 
an RAO of the ribs above the diaphragm 
made with the right anterior surface nearest 
the film—if the radiograph includes both 
sides of the body, the R is placed along the 
margin of the film corresponding to the night 
side of the body; but, if the coverage is re- 
stricted to a specific area on the left side of 
the thorax, then the L must be used. 

c. Placement of Identification Marker. The 
identification marker should be placed along 
one of the four margins of the film holder, 
out of the way of the part and the extreme 
corners of the film. The four margins of the 
film may be referred to as the top, bottom, 
and sides (2), depending on how the film is 
viewed. The surface of the various types of 
film holders differ, but the outside dimen- 
sions are the same for each size. If the mark- 
er is to be placed with a cassette in a Bucky 
tray or on a vertical surface, it should be 
taped in place. All of the data must show on 
the finished film: moving the data strip in at 
least 3/4 inch from the outside edge of a cas- 
sette and at least 1/4 inch from the outside 
edge of a cardboard holder will generally 
take care of this. 


10-8. Patient’s Dress: 

a. As far as possible all clothing should be 
removed from the part being examined. Gen- 
erally, both male and female patients are 
dressed in gowns for projections of the femur 
through the abdomen. For examinations in- 
volving the thorax and the neck, female pa- 
tients are dressed in gowns, whereas male 
patients are stripped to the waist. The open- 
ing of the gown should be at the patient’s 
back and knots of tie strings loosened in the 
area of exposure. 

b. If the patient has to get up on the X-ray 
table for the examination, the technologist 
should make sure that the pockets of the 
gown are empty and eyeglasses removed. 
This check should be made even though the 
pockets and eyeglasses will not be in the 
area of exposure. Rings, wrist watches, 
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necklaces, earrings, hairpins, dentures, and 
other such objects should always be removed 
from the area to be examined; or, if they 
might be projected into that region by the 
angulation of the CR. The removal of such 
articles is especially important in examina- 
tions of the skull. 

c. A sheet may be used to cover the pa- 
tient’s lower extremities. The sheet should be 
loose enough to allow the area under exami- 
nation to be exposed without embarrassment 
to the patient. When changing the patient’s 
position (for example, from supine to lateral- 
ly recumbent), the technologist should help 
to keep the gown closed and see that the 
sheet covers the underlying parts. A patient 
should never be exposed unnecessarily. 


10-9. Part-Thickness Measurement. The 
measurements of the thicknesses of the 
parts are made with a caliper, scaled to read 
in centimeters and inches. The centimeter 
scale is used in measuring the thickness of 
the part. The general rule is to measure the 
part-thickness in the same plane through 
which the CR will pass. In making the meas- 
urement, the blades of the caliper should 
barely touch the skin at the points of entry 
and exit of the CR. The measurement should 
be made with the patient in the position in 
which the exposure will be taken. 


10-10. Working Side of the Table. The “work- 
ing side” of the table coincides with the open 
side of the Bucky tray. The normal generat- 
ing apparatus, tube column, and floor and 
overhead rails are located on the opposite 
side of the table; consequently, it is much 
more difficult to sight and align the part 
from that side. It is well to decide beforehand 
at which end of the table the patient is to be 
placed, and how he is to be turned. The tech- 
nologist can then readily visualize and align 
the planes of the part from the working side 
of the table. This method of working not only 
saves time and motion, but also helps to im- 
prove the quality of the work produced. 


10-11. Getting a Patient Onto and Off the X- 
ray Table: 

a. The overhead tube must be moved aside 
before the patient gets on or off the X-ray 
table. 

b. Before the patient gets onto the table, 
the technologist should instruct him as te 
the position he is to assume. The instruc- 
tions should be short, simzie, and ciear. A 
footstep should be provided. [f necessary, 
the technologist shovid assist the patient 
onto the table. However, if the patient is 
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able to help himself, it is best to let him do as 
much of the moving as possible. See Section 
C, chapter 9, for specific instructions on 
handling and moving patients. 


10-12. Immobilization: 

a. Immobilization of the part being exam- 
ined is very important. Loss of radiographic 
detail due to motion of the part can be avoid- 
ed by proper immobilization. Sandbags, 
immobilization bands, and headclamps are 
used for immobilization. Sandbags are radio- 
paque and should be kept out of the area of 
exposure. Cork and balsa wood blocks are 
very good agents to use when a radiolucent 
material is required. Also, commercially 
produced cellulose positioning blocks are 
available for this purpose. 

b. In examining patients with severe inju- 
ries or questionable fractures, particular 
care must be exercised to avoid pressure to 
the part if immobilization is required. It is 
sometimes advisable, from a psychological 
standpoint, to disregard the use of immobili- 
zation devices when dealing with patients 
suffering from nervous or mental disorders. 

ce. It is best to place immobilization de- 
vices just prior to making the actual expo- 
sure and remove them immediately after 
completing the exposure. 

d. In all cases where undesired motion is 
a factor a short exposure time is recommend- 


10-13. Pre-Exposure Instructions: 

a. When a particular breathing technique 
1S required, as in examinations of the trunk, 
the patient should understand beforehand 
what is expected of him during the exposure. 
He should be carefully instructed in brea- 
thing; if necessary, the technologist should 
practice the breathing technique with him. 

b. If the exposure is to be made after full 
expiration, the instructions may be—“take 
in a deep breath—let all your breath out— 
now hold your breath and remain perfectly 
still.” If the exposure is to be made at the end 
of inspiration, the instructions may be— 
“Take in a deep breath—now, hold your 
breath and don’t move.” After the exposure 
is made, “Relax and breathe normally, 
please.” Each act of the sequence is done at 
the instructions of the technologist, but the 
patient must be given adequate time to com- 
nicte each step without feeling rushed. 

c. If the exposure is to be made during 
breathing, the patient should be told to 
breathe evenity and shallowly, but remain 
stil: for the duration of the exposure. 


* Tie, 
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10-14. Technique Factors: 

a. Any well established clinic has tech- 
nique charts which provide for consistent 
quality radiographs. These technique charts 
vary in form, context, and approach to densi- 
ty and contrast scales; they differ from one 
clinic to another and from one X-ray ma- 
chine to another. 

b. The usual technique chart indicates the 
kVp, mA, sec, and FFD for each projection, 
based on measurement (in centimeters) of the 
part. The type of film holder, use of a grid, 
and size of collimation field are also given. 
Proper application of a technique chart will 
result in consistently high quality radi- 
ographs. 

c. It is the technologist’s duty to apply the 
factors established by the clinic for the par- 
ticular X-ray machine with which he is work- 
Ing. 


10-15. Basic Method of Procedure. There are 
many details which enter into the production 
of a satisfactory radiograph. As most of 
these details must be attended to by the tech- 
nologist, it is necessary for him to develop a 
step-by-step method of approach, with nec- 
essary deviations, to fit the individual case. 
The general approach should be about the 
same for all body parts. The order of the 
procedure will depend on the technologist’s 
skill and experience, and physical layout of 
the clinic. The important thing is the devel- 
opment of a routine that will help him func- 
tion efficiently. The following is a general 
guide to assist the less experienced technolo- 
gist in working out a step-by-step approach 
that will fit his own needs. 
a. Preliminary Steps: 

(1) Read the request slip and determine 
the part to be radiographed. 

(2) Make up the identification marker. 

(3) Inform the patient what is to be 
done. 

(4) Seat the patient or assist him onto 
the X-ray table, as needed for the given radi- 
ographic position. 

b. Initial Procedure: 

(1) Measure the part to be examined. 

(2) Consult the technique chart and de 
termine the factors to be used. 

(3) Set the control panel. 

(4) Affix proper cone or adjust for pro- 
per collimation. 

(5) Set FFD. 

c. Positioning the Patient: 

(1) Move film holder to work area (table- 

top, Bucky tray, or cassette changer). 
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(2) Put identification data on film holder. 

(3) Position the part; immobilize the 
patient, if necessary. 

(4) Move film holder to point of refer- 


ce. 
(5) Center the CR to the film. 


(NOTE: Where an angled CR must strike the 
part at a particular point of reference, steps 
(6) and (7) below should be substituted for 
steps (4) and (5) above.) 

(6) Align CR to the particular point of 
reference. 

(7) Move film holder to the point at the 
center of the film where the projected CR will 
emerge. 


d. Making the Exposure: 

(1) Give the patient final instructions. 

(2) Make the exposure. 

(3) Tell the patient to relax and breathe 
normally. 

(4) Exchange film holder and continue 
with examination if more exposures are to be 
made. If no more exposures are to be made, 
tell the patient that the examination is com- 
pleted and provide assistance if necessary. 

(5) Put film holder in the pass box and 
begin the examination of the next patient. 


en 


10-16. Positions and Radiographs in This 
Text: 

a. When comparing the photographs of 
the positions used in this text to the copy 
information provided with the position, it 
will be noted at times that they are not con- 
sistent. For example, the copy information 
may indicate that a sandbag is used in a cer- 
tain place for immobilization, and the photo- 
graph may show the sandbag in a different 
place or not at all. Copy information such as 
this is suggestive in nature only. It is not to 
be taken as a definite requirement to get the 
radiograph. Along these lines, one thing the 
technologist must always keep in mind while 
positioning his patient is the patient’s condi- 
tion. In many cases this will dictate the posi- 
tioning technique used. The patient may not 
be able to achieve a certain position; conse- 
quently, the technologist will have to use 
good judgment and common sense to get the 
radiograph while at the same time making 
his patient as comfortable as possible. 


b. The radiographs used in this text were 
not exposed at the time the accompanying 
photographs of the positions were taken. 
Consequently, they are only basic represen- 
tations of the position. 
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SECTION B—UPPER EXTREMITY 





ANATOMICAL: Metacarpals, phalanges, 
and carpals, semilateral thumb, and soft tis- 
sues. 


USE: With oblique projection for basic study 
of hand. 


FILM: 8 X 10 inch, lengthwise, for single 
view. 10 X 12 inch, crosswise, one half 
masked, for two views on one film. 


IDENTIFICATION: With a single film the 
identification is placed on the lateral border, 
_ posterior to the part. On the routine proce- 


Figure 10-3. 
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dure, the identification is placed above the 
film with the oblique view. 


POSITION: The hand is placed palm down 
upon the film holder, with the fingers extend- 
ed and equally spaced. Head of third meta- 
carpal centered to film. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbag against fore- 
arm. 


NOTE:Wrist watch and rings removed. 


Hand, PA. 


1 August 1974 
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ANATOMICAL: Metacarpals, 
and carpals, semilateral thumb, and soft tis- 
sues. 


phalanges, 


USE: With PA projection for basic study of 
hand. 


FILM: 8 X 10 inch, lengthwise, for single 
view. 10 X 12 inch, crosswise, one half 
masked, for two views on one film. 


IDENTIFICATION: Above the fingers. 


Figure 10-4. Hand, Oblique (PAMO). 





POSITION: Forearm resting on table; meta- 
carpal plane of hand at 45° angle to film; 
thumb and ulnar surface touching film hold- 
er; fingers separated and slightly flexed so 
that their tips touch the film holder. Head of 
third metacarpal centered to film. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbag against fo- 
rearm. 


NOTE: Wrist watch and rings removed. 
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ANATOMICAL: Metacarpals, phalanges, thumb and hand. To obtain view required for 
and carpals, PA thumb, and soft tissues. (1) above, the fingers are extended and super- 


imposed, for (2) above, the fingers are re- 
laxed to form natural arch of hand. Head of 
second metacarpal centered to film. 


USE: To supplement basic study of the hand 
in cases of: (1) location of foreign bodies; (2) 
AP and PA displacement in fractures. 


FILM: 8 X 10 inch lengthwise. ee RAY: Perpendicular to center of 
lm. 

IDENTIFICATION: Lateral, posterior to the 

part. IMMOBILIZATION: Sandbags against fore- 


arm; thumb supported by cork, balsa wood, 


POSITION: Forearm resting on top of table; |... other radiolucent material. 


palm of hand vertical; thumb beside palm, 
with some clearance between soft tissues of | NOTE: Wrist watch and rings removed. 


Figure 10-5. Hand, Lateral (iateremedial). : 
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ANATOMICAL: Phalanges, 
and soft tissues. 


metacarpals, 


USE: With lateral projection for basic study 
of thumb. 


FILM: 8 X 10 inch; lengthwise for single 
view; crosswise, one half masked, for two 
views on one film. 


IDENTIFICATION: Lateral border, poster- 
lor to the part. 


POSITION: Forearm resting on table. The 
hand is turned to a position of extreme inter- 
nal rotation until the thumb rests on its pos- 
terior surface in contact with the film holder. 
If necessary to steady the part and clear 
thumb of digits, have patient grasp fingers 
of affected hand and draw them backward 
out of the path of the central ray. Head of 
first metacarpal centered to the film. 


Figure 10-6. Thumb, AP. 
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CENTRAL RAY: Perpendicular to center of 
film. 


NOTE 1: Lateral thumb. Use PA hand posi- 
tion, and arch the hand until the thumb is in 
true lateral position. 


Digits. PA and oblique projections of the 
hand usually are sufficient to demonstrate 
the digits, but lateral projections of individ- 
ual digits may be required for further study. 
For such views, maintain hand in true later- 
al position with either the medial or the lat- 
eral side down, whichever will bring the fin- 
ger being examined as close to the film as 
possible. Close the rest of the fingers, leav- 
ing the finger under study extended and par- 
allel to film surface. Brace finger on anterior 
side with cork, balsa wood, or other radiolu- 
cent material. 


NOTE 2: Wrist watch and rings removed. 


10-12 


ANATOMICAL: Distal radius and ulna, car- 
pals, metacarpals and soft tissues. 


USE: With oblique and lateral projections 
for basic study of wrist. 


FILM: 8 X 10 inch; lengthwise for single 
view; crosswise for two views on one film. 10 


X 12 inch, crosswise, for four views on one 
film. 


IDENTIFICATION: With a single film, later- 
al border, posterior to the part. With routine 
procedure, with the lateral view, posterior to 
the part. 


POSITION: PA (A). Forearm and hand rest- 
ing on table, palmar surface down; anterior 
surface of wrist in close contact with film 
holder; fist may be clenched. Align third me- 
tacarpal in line parallel to lateral borders of 
the film holder. Midstyloid plane centered to 
film. A PA exposure of the wrist is shown In 
C. 

PA with ulnar deviation (B). The wrist 1s 


Figure 10-7. Wrist, PA. 
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positioned and centered to the film as for the 
PA (A). The hand or clenched fist is then 
moved outward as far as it will go without 
applying force. An ulnar deviation exposure 
of the wrist is shown in D. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbags against fore- 
arm. 


NOTE 1: The PA wrist with ulnar deviation 
provides a better demonstration of the nav!- 
cular and carpal interspaces of the lateral 
side of the wrist than the conventional PA. 


VARIATION: A PA projection of the wrist 
with the hand in radial deviation demor- 
strates the pisiform and carpal interspaces 
of the medial side of the wrist. This projec- 
tion is not a part of the basic procedure and 
is made only upon réquest. 


NOTE 2: Wrist watch removed. 
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ANATOMICAL: Carpals, metacarpals, dis- 
tal end of radius and ulna, and soft tissues. 


USE: With conventional PA, PA with ulnar 
deviation, and lateral projections for basic 
study of wrist. 


FILM: 8 X 10 inch, lengthwise for single 
view; crosswise for two views on one film. 

10 X 12 inch, crosswise, for three or four 
views on one film. 


IDENTIFICATION: Lateral border poster- 
ior to the part. 


Figure 10-8. Wrist, Oblique (PAMO). 


1 August 1974 


10-13 





POSITION:Forearm resting on table; hand 
positioned as for an oblique hand projection. 
Plane of styloids at 45° angle to film. Midsty- 
loid plane centered to film. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbags against fore- 
arm. 


VARIATION: If a clear demonstration of the 
pisiform is required an APMO projection of 
the wrist may be made. 


NOTE: Wrist watch removed. 
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ANATOMICAL: Carpals, metacarpals, and 
distal end of radius and ulna. 


USE: With conventional PA, PA with ulnar 
deviation, and oblique projections for basic 
study of wrist. 


FILM: 8 X 10 inch, lengthwise, for single 
view; crosswise for two views on one film. 10 
X 12 inch, crosswise, for three or four views 
on one film. 


IDENTIFICATION: With a single film, later- 
al border, posterior to the part. With routine 


Figure 10-9. Wrist, Lateral (Lateromedial). 
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procedure, with the lateral view, posterior to 
the part. 


POSITION:Forearm resting on table; sty- 
loids perpendicular to film (slight supination 
of lateral hand position). Styloid plane cen- 
tered to film. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbags against fore 


arm. 
NOTE: Wrist watch removed. 
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ANATOMICAL: Radius and ulna, including 
one or both joints. 


USE: With lateral projection for basic study 
of forearm. 


FILM: 10 X 12 inch, lengthwise; one half 
masked, for two views on one film. 


IDENTIFICATION: Either lateral border. 


POSITION: Arm in full extension; hand palm 
up; epicondyles and styloids as nearly as 
possible parallel to film. To include the wrist, 
the plane of the styloids should be 2 inches 
above lower edge of film holder. To include 
the elbow, the epicondylar plane should be 2 
inches below upper edge of film holder. If 
both wrist and elbow are to be included, posi- 
tion the forearm so that the epicondylar and 


Figure 10-10. Forearm, AP. 
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styloid planes are equidistant from the up- 
per and lower edges of the film holder (see 
note below). 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbag over palm and 
support as shown in illustration. 


NOTE 1: Projections of the forearm should 
at least include the joint nearest the site of 
injury, and the same joint should be included 
in each position of the study. If it is desired 
to include both joints on one film a 10 X 12 
inch film is usually large enough; however, 
for some patients it is necessary to use a 
larger film. This note applies to the lateral 
projection of the forearm. 


NOTE 2: Wrist watch removed. 
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ANATOMICAL: Radius and ulna, including 
one or both joints. 


USE: With AP projection for basic study of 
forearm. 


FILM: 10 X 12 inch, lengthwise; one half 
masked, for two views on one film. 


IDENTIFICATION: Either lateral border. 


POSITION:Shoulder at level of table top 
(patient seated low); elbow flexed 90°; sty- 
loids and epicondyles as nearly as possible 
perpendicular to film. To include wrist, the 
plane of the styloids should be 2 inches 


Figure 10-11. 


above lower edge of film holder. To include 
elbow, the epicondylar plane should be 2 
inches below upper edge of film holder. If 
both wrist and elbow are to be included, the 
epicondylar and styloid planes should be 
equidistant from the upper and lower edges 
of the film holder. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbags against palm 
and possibly against back of hand. 


NOTE: Wrist watch removed. 


Forearm, Lateral (Lateromedial). 


b 
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ANATOMICAL: Distal end of humerus; 
proximal end of radius and ulna with joint 
space. 


USE: With lateral projection for basic study 
of elbow. 


FILM: 8 X 10 inch, lengthwise, for single 
view. 10 X 12 inch, crosswise; one half 
masked for two views on one film. 


Figure 10-12. Elbow, AP. 
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IDENTIFICATION: With single film, either 
lateral border. With the routine procedure, 
ID placed with lateral view, below part. 


POSITION: Arm in full extension; palm up; 
epicondyles parallel to film. Midepicondylar 
plane centered to film. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbag over palm of 
hand. 
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ANATOMICAL: Distal end of humerus; ID placed with lateral view, below part, 
proximal end of radius and ulna with joint reading down. 
APACE POSITION: Shoulder at level of table top 


USE: With AP projection for basic study of (patient seated low); elbow flexed 90°; sty- 
elbow. loids and epicondyles as nearly as possible 


perpendicular to table top. Epicondylar 
FILM: 8 X 10 inch, lengthwise, for single plane centered to film. 
view. 10 X 12 inch, crosswise, one half CENTRAL RAY: Perpendicular to center of 
masked, for two views on one film. fim: 


IDENTIFICATION: With single film, either IMMOBILIZATION: Sandbag across fore- 
lateral border. With the routine procedure, arm. 


Figure 10-13. Elbow, Lateral (Lateromedial). 
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ANATOMICAL: Olecranon process of elbow POSITION: Posterior surface of arm resting 

and distal end of humerus. ot film en Sp oney ee as nearly as pos- 

sible parallel to film; arm and forearm form- 

" USE: (1) In place of the conventional AP ing 4 45° angle. Midepicondylar plane cer- 
projection when the arm is immobilized in the toned te fire 
Jones surgical position. (2) In addition to the ; 


; routine elbow procedure when the olecranon (CENTRAL RAY: Perpendicular to center of 


' process is of concern. film. 
eELMYS % tOmneh lengthwise, IMMOBILIZATION: Patient may hold hand 
IDENTIFICATION: Below the part. of affected side with his other hand. 


Figure 10-14. Elbow (Hyperflexion). 
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ANATOMICAL: Humerus, ulna and radius 
with joint space. 


USE: Replaces conventional AP projection 
when full extension of the elbow cannot be 
accomplished. A complete study of the elbow 
in partial flexion should include the three AP 
projections described herein as well as a lat- 
eral projection. 


FILM: 8 X 10 inch, lengthwise, for single 
view. 10 X 12 inch, crosswise; one half 
masked, for two views on one film. 


IDENTIFICATION: Either lateral border. 


Figure 10-15. Elbow (Partial Flexion). 
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POSITION: 

1. Posterior surface of forearm resting on 
film holder (A). 

2. Point of olecranon process resting on 
film holder, with forearm and arm sup- 
ported in equal elevation (B). 

3. Posterior surface of arm resting on film 
holder (C). 

The midcondylar plane should be centered to 
the film for each projection. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: See illustration. 
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ANATOMICAL: Humerus with both elbow 
and shoulder joints included. 


USE: With lateral projection for basic study 
of humerus. 


FILM: 14 X 17 inch, lengthwise; one half 
masked, for two views on one film. 


IDENTIFICATION: Either lateral border. 


POSITION: Patient supine; elbow extended; 
hand palm up; epicendylar plane parallel to 
table top. The acromion process and the epi- 
condylar plane are equidistant from the 
upper and lower edges of the film holder, with 
the shaft of the humerus parallel to the lat- 
eral borders. 


CENTRAL RAY: Perpendicular to center of 
film. 


Figure 10-16. Humerus, AP. 


IMMOBILIZATION: Sandbag across palm 
of hand. 


NOTE 1: Cathode end of tube to patient’s 
head; respiration suspended during expo- 
sure. 


NOTE 2: See Note, figure 10-18 for patient’s 
dress. 


VARIATIONS: For upper two-thirds (to ac- 
company the lateral of humerus thru thorax, 
use a 10 X 12 inch film, placed lengthwise, 
with acromion 3 inches below upper edge of 
film holder; all other factors as given herein. 
For lower two-thirds, seat and position the 
patient as for an AP elbow; use one-half of a 
10 X 12 inch film, placed lengthwise, with 
epicondylar plane 3 inches above the lower 
edge of the film holder. 


| 
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ANATOMICAL: Humerus with both elbow 
and shoulder joints included. 


USE: With AP projection for basic study of 
complete humerus. 


FILM: 14 X 17 inch, lengthwise; one half 
masked, for two views on one film. 


IDENTIFICATION: Either lateral border. 


POSITION: Patient supine; elbow flexed; 
hand rotated inwardly, with back of hand in 
firm contact with side of hip; epicondylar 
plane perpendicular to table top. The acrom- 
ion process and the epicondylar plane are 
equidistant from the upper and lower edges 
of the film holder, with the shaft of the hu- 
merus parallel to the lateral borders. 


t © 


Figure 10-17. 
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pe RAY: Perpendicular to center of 
lm. 


IMMOBILIZATION: Sandbag against palm 
of hand. 


NOTE 1: Cathode end of tube to patient’s 
head; respiration suspended during expo- 
sure. 


NOTE 2: See Note, figure 10 - 18 for patient’s 
dress. 


VARIATIONS: For upper two-thirds, refer 
to figures 10-18 and 10-19. For lower two- 
thirds, seat and position the patient as for 4 
lateral elbow; use one-half of 10 X 12 inch 
film lengthwise with epicondylar plane 3 
inches above the lower edge of the film hold- 
er. 


Humerus, Lateral (Lateromedial). 
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ANATOMICAL: Upper one-third of the hu- 
merus with shoulder joint. 


USE: (1) With AP projection of upper one- 

third of the humerus and shoulder joint when 

the arm is in an airplane splint or an abduc- 

tion cast. (2) As a supplement to the routine 

shoulder procedure in cases of dislocation of 

pe shoulder or investigation of the glenoid 
ossa. 


FILM: 8 X 10 inch, lengthwise to arm. 


IDENTIFICATION: On border correspond- 
ing to anterior side of part. 


POSITION: Patient supine; shoulders ele- 
vated; bring shaft of humerus to midlength 
of film. Vertical film flush against the shoul- 
der and as nearly as possible parallel to the 


Figure 10-18. Humerus (Inferosuperior). 
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arm. Maintain film in firm position against 
side of neck. 


CENTRAL RAY: Horizontal, angled 20° me- 
dially to center of film. 


IMMOBILIZATION: Brace film with sand- 
bags. 


PRECAUTION: Respiration suspended dur- 
ing exposure. 


NOTE : Male patients stripped to waist; 
females in gowns, under garments removed 
from shoulders to waist. Necklace removed. 


VARIATION: This projection may be per- 
formed superoinferior. Vertical perpendicu- 
lar CR passes through the shoulder joint and 
is projected to the center of the film. 
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ANATOMICAL: Upper two-thirds of the 
humerus projected through the thorax. 


USE: With AP projection for study of upper 
humerus. 


FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient erect, with trunk in true 
lateral position. Affected arm placed on cen- 
ter line of table; opposite arm raised, with 
forearm resting on head. Acromion 3 inches 
below upper edge of film holder. 
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CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


IMMOBILIZATION: When the arm is frac- 
tured it is strapped to the body or is other- 
wise immobilized so that it cannot be moved 
away fromthe side of the body. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of full inspiration. 


NOTE: Necklace removed. See Note, figure 
10-18, for patient’s dress. When possible, the 
forearm of the affected side should be raised 
and positioned parallel to floor, palm up, and 
epicondyles perpendicular to film. 


Figure 10-19. Humerus, Lateral, Through Thorax (Mediolateral). 
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ANATOMICAL: Bony structures of the 
shoulder in their anatomic relationship. 


USE: Two-projection method for basic study 
of the shoulder when fracture or dislocation 
is not present. For fracture or dislocation 
cases, see note below. 


FILM: 10 X 12 inch, crosswise. 
IDENTIFICATION: Above the shoulder. 


POSITION: Palm up (A). Patient supine; 
elbow fully extended; palm of hand up. Epi- 
condylar plane parallel to table top. Support 
elevated side of body with sandbags. Cora- 
coid process centered to film. A radiograph 
made in this position is shown in C. 

Palm out (B). Leaving patient’s body in the 
position used for the palm-up projection, 
rotate the hand and arm inwardly. Flex the 
elbow and bring the back of the hand into 
firm contact with the side of the hip. Epicon- 
dyles perpendicular to table top. A radi- 
ograph made in this position is shown in D. 


ee RAY: Perpendicular to center of 
Im. 


IMMOBILIZATION: Place sandbag on palm 
for the palm-up position, and against palm 
for the palm-out position. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of expiration. 


VARIATION: Demonstration of glenohumer- 
al space is obtained with 45° body rotation, 
palm of hand resting on abdomen. All other 
factors are the same as given herein. Both 
projections can be made with the body rotat- 
ed 10° to 20° toward affected side. 


NOTE 1: For known or suspected fracture or 
dislocation cases, stereoscopic projections of 
the palm-up AP shoulder are recommended. 
If stereo films are not desired, an AP shoul- 
der, palm up, and a lateral projection of the 
head and neck of the humerus through the 
thorax are suggested. Great care must be 
exercised in the examination of fracture cas- 
es to see that movement of the arm of the 
affected side is kept to the barest minimum. 


NOTE 2: Necklace removed. See Note, figure 
10-18 for patient’s dress. 


Figure 10-20. Shoulder, AP, Palm Up and Palm Out. Internal and External Rotation. 
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ANATOMICAL: Body of the scapula and 
bony structures of the shoulder in their ana- 
tomical relationship. 


USE: With lateral projection for basic study 
of scapula. 


FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Above the shoulder. 


POSITION: Patient supine; elbow fully ex- 
tended; hand palm up. Body rotated 10° to 20° 
toward affected side to bring shoulder into 
contact with film. Support elevated side of 
body with sandbags. Epicondylar plane par- 
allel to the table. A point 2 inches inferior 
and 2 inches medial to the coracoid process is 
centered to the the film. 


Figure 10-21. Scapula, AP. 
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ee to RAY: Perpendicular to center of 
m. 


IMMOBILIZATION: Sandbag on palm of 
hand. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of expiration. 


NOTE: Necklace removed. See Note, figure 
10-18 for patient’s dress. 


VARIATION: For a study of the coracoid 
process use true supine position with CR 
angled 25° cephalad and directed through the 
coracoid process to center of film. 
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ANATOMICAL: Body of scapula, acromial 
process, and head of humerus. 


USE: With AP projection for basic study of 
scapula. 

FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Above the shoulder. 


POSITION: Have patient stand facing verti- 
cal film support; arm of affected side across 
front of body; palm of hand resting on oppo- 
site shoulder. Rotate body to bring acromion 
and midpoint of the vertebral border into 


Figure 10-22. Scapula, Lateral. 
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same vertical plane. Midpoint of vertebral 
border centered to film. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Respiration suspended dur- 
ing exposure. 


NOTE: Necklace removed. See Note, figure 
10-18 for patient’s dress. 


VARIATION: This projection may also be 
accomplished with the arm of the affected 
side behind the back, elbow flexed, and back 
of hand resting on hip. 
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ANATOMICAL: Clavicle, shoulder joint (or 
sternoclavicular joint), and soft tissues. 


USE: Basic projection for study of clavicle. 
Both clavicles may be taken individually for 
comparison; or stereoscopic projections of 
affected side may be accomplished. 


FILM: 10 X 12 inch, crosswise. 
IDENTIFICATION: Above the shoulder. 


POSITION: Patient prone, head turned 
away from side being examined. Arm of af- 
fected side relaxed alongside of body; slight 
flexion at elbow; hand palm up with sandbag 
on palm; opposite arm in front of face. Mid- 
point between acromion and spinous proc- 
esses centered to film. 


Figure 10-23. Clavicle, PA. 


ant RAY: Perpendicular to center of 
m. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of exhalation. 


NOTE 1: If the patient is unable to assume 
the prone position, a satisfactory demon- 
stration of the clavicle may be obtained with 
an AP projection. An AP with the CR angled 
15° to 45° can also be used. 


VARIATIONS: If further study of the ster- 
nal end of the clavicle is indicated, a PA cla- 
vicle projection with the CR angled 45° cau- 
dad may be made in conjunction with an 
oblique projection of the sternoclaviéular 
joints. 


NOTE 2: Necklace removed. See Note, figure 
10-18 for patient’s dress. 
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ANATOMICAL: Acromioclavicular joints 
and bony structures of the shoulder in their 
anatomical relationship. 


USE: Two exposures are made of this pro- 
jection—one with the patient holding a weight 
in each hand, and the other without weights— 
for basic study of the acromioclavicular joints 
to detect dislocation or separation of the 
joints. 

FILM: 14 X 17 inch, crosswise, in cassette 
changer. If the patient is too broad to fit the 
14 X 17 inch film, two 8 X 10 inch films 


placed longitudinally may be used simul- 
taneously. 


IDENTIFICATION: Above either shoulder, 
with an additional marker to indicate if made 
with or without weights. 


POSITION: Patient erect, with back to cass- 
ette changer; shoulders in same plane; body 
weight equally distributed on both feet. El- 
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bows extended, arms hanging loosely along- 
side of body. The first exposure is made 
without weights. For the second exposure, 
the patient holds an equal weight in each hand 
(usually a 5-pound sandbag, or as prescribed 
by the particular clinic). Jugular notch cen- 
tered to film. (If two films are used simul- 
taneously, center each film to the acromio- 
clavicular joint.) 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Respiration suspended during 
exposure. 


NOTE: Necklace removed. See Note, figure 
10-18 for patient’s dress. 


VARIATIONS: Satisfactory radiographs of 
the acromioclavicular joints may also be 
obtained with a PA projection taken with the 
patient erect. 


Figure 10-24. Acromioclavicular Articulations, AP. 
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SECTION C—LOWER EXTREMITY 





ANATOMICAL: Phalanges through cuboid- 
navicular row of tarsals. 


USE: With oblique projection for basic study 
of foot. 


FILM: 10 X 12 inch, lengthwise; one half 
masked, for two views on one film. 


IDENTIFICATION: Above the toes with the 
oblique. 


POSITION: Patient seated on the table, or 
lying in the supine position if unable to sit. 
Sole of foot firmly in contact with the film 


Figure 10-25. Foot, AP (Dorsoplantar). 





holder; great toe 2 inches below upper edge 
of film holder. 


CENTRAL RAY: Angled 15° cephalad to cen 
ter of film. 


IMMOBILIZATION: Patient’s hand clasped 
around knee, if seated; brace film holder at 
toe-end so that it will not slip during the 
exposure. 


NOTE: Shoe and sock (or stocking) removed; 
drape sheet used, if necessary. 


b 
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ANATOMICAL: Tarsals, metatarsals, phal- 
anges, and soft tissues. 


USE: With dorsoplantar projection for basic 
study of foot. 


FILM: 10 X 12 inch, lengthwise, one half 
masked, for two views on one film. 


IDENTIFICATION: Above the toes. 


POSITION: Patient seated on table, or lying 

in the supine position if unable to sit. With 

sole of foot resting on film holder, rotate the 

knee inwardly until the plantar surface of 

the foot is at a 45° angle to the film surface; 

apie toe 2 inches below upper edge of film 
older. 


Figure 10-26. Foot, Oblique (APMO). 
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Bee RAY: Perpendicular to center of 
lm. 


IMMOBILIZATION: Have patient grasp 
edge of table with hands. Support knee of 
side under study by opposite knee to prevent 
motion, or place a sandbag under affected leg 
for support. 


NOTE 1: If the toes only are desired, the dor- 
soplantar and oblique foot positions are 
used. The two views are made on one 8 X 10 
inch film placed crosswise. In both cases the 
CR is directed perpendicularly to the center 
of the film. 


NOTE 2: See Note, figure 10-25. 


10-32 


ANATOMICAL: Same as figure 10-26. 


USE: This projection supplements the rou- 
tine foot procedure, and is used to determine 
the condition of the longitudinal arch. 
Weightbearing lateral projections of both 
feet are taken for comparison. 


FILM: 10 X 12 inch, lengthwise to foot. 


IDENTIFICATION: On border above anteri- 
or side of foot. 


POSITION: Patient standing on special film 
box or on books placed on either side of verti- 
cal film holder, with medial side of feet in 
contact with film holder; the weight of the 
body should be equally distributed on both 


Figure 10-27. 
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feet. Transverse plane through midlongitu- 
dinal arch centered to film. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


NOTE: See Note, figure 10-25, for patient’s 
dress. 


VARIATIONS: A nonweight-bearing lateral] 
projection may be made in addition to the 
basic dorsoplantar-oblique study. It is used 
for foreign body localization and to deter- 
mine the position of fragments in fractures. 
This projection is made with the patient in a 
recumbent position, and the CR may pass 
elther from lateral to medial or from medial 
to lateral. IMPORTANT: The plantar sur- 
face of the foot must be perpendicular to the 
plane of the film. 


Foot, Lateral, Weight-Bearing (Lateromedial). 
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ANATOMICAL: Talus, distal tibia and fibu- 
la, and ankle joint. 


USE: With lateral and oblique projections 
for basic study of ankle. 


FILM: 8 X 10 inch, lengthwise for single 
view. 10 X 12 inch, crosswise; one half 
masked, for two views on one film. 


IDENTIFICATION: Either lateral border. 


POSITION: Patient supine; knee of affected 
side in full extension. Epicondylar plane 
parallel to table top; plantar surface per- 
pendicular to film. Midmalleolar plane cen- 
tered to film. 


ere RAY: Perpendicular to center of 
lm. 


Figure 10-28. Ankle, AP. 
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IMMOBILIZATION: Sandbags 
plantar surface of foot and over leg. 


against 


NOTE 1: Fracture of lower end of tibia de- 
mands examination of entire length of fibula. 


NOTE 2: See Note, figure 10-25, for patient’s 
dress. 


VARIATION: AP ankle, with inversion of 
foot. From true AP position (shown herein), 
turn sole of foot inward as far as it will go, 
and brace it. In this position an unobstruct- 
ed view of the external malleolus and talofi- 
bular articulation may be obtained. Do not 
confuse this inversion of the foot with that 
used for the oblique projection of the ankle 
(figure 10-29). 
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ANATOMICAL: Distal tibiofibular articula- 
tion, in particular; and talus, distal tibia and 
fibula and ankle joint. 


USE: With AP and lateral projections for 
basic study of ankle. 


FILM: 8 X 10 inch, lengthwise, for single 
view. 10 X 12 inch, crosswise; one half 
masked, for two views on one film. 


IDENTIFICATION: Either lateral border. 


POSITION: Patient sitting; knee of affected 
side in full extension. With plantar surface 


Figure 10-29. Ankle, Oblique (APMO). 
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of foot perpendicular to table top, rotate 
foot and leg inwardly until the foot forms 4 
45° angle with the plane of the film. Midmal- 
leolar plane centered to film. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbags against foot 
and leg. 


NOTE: See Note, figure 10-25, for patient’s 
dress. 
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ANATOMICAL: Distal tibia and fibula, talo- 
tibial articulation, and tarsals. 


USE: With AP and oblique projections for 
basic study of ankle. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Posterior to the part. 


POSITION: Patient laterally recumbent; 
epicondylar plane perpendicular to table 


Figure 10-30. Ankle, Lateral (Mediolateral). 
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top; foot at 90° angle to leg. Malleolar plane 
centered to film. Opposite leg crossed over 
and out of way. 


peer en RAY: Perpendicular to center of 
Im. 


IMMOBILIZATION: Toes supported by 
sandbag. 

NOTE: See Note, figure 10-25, for patient’s 
dress. 
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ANATOMICAL: Os ecalcis, malleoli, and soft 
tissues. 


USE: With lateral projection for basic study 
of os calcis. 


FILM: 8 X 10 inch, lengthwise, for single 
view. 10 X 12 inch, crosswise; one half 
masked, for two views on one film. 


IDENTIFICATION: On lateral border of film 
holder or below lateral projection. 


POSITION: Patient seated on table; knee of 
affected side in full extension. Epicondylar 
plane parallel to table top. Traction on foot 
to maintain plantar surface of foot at 90° 


Figure 10-31. Os Calcis (Inferosuperior). 
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awe to film. Midmalleolar plane centered to 
m. 


ante RAY: 40° cephalad to center of 
m. 


ee ae Belt-type traction on 
oot. 


NOTE 1: A lateral os calcis projection may 
be accomplished as described for the lateral 
ankle (figure 10-30), except midpoint between 
plane of malleoli and plantar surface is cer- 
tered to film. 


NOTE 2: See Note, figure 10-25, for patient’s 
dress. 
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ANATOMICAL: Two-thirds of tibia and fib- 
ula with ankle or knee joint included, as re- 
quired. 


USE: With lateral projection for basic study 
of leg. 


FILM: 14 X 17 inch, lengthwise; one half 
masked, for two views on one film. 


IDENTIFICATION: Either lateral border. 


POSITION: Patient supine; knee fully ex- 
tended; posterior portion of leg in even con- 
tact with film; epicondylar plane parallel to 
film. To demonstrate lower two-thirds of leg, 
the malleolar plane should be 3 inches above 
lower edge of film holder. To demonstrate 
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upper two-thirds, the inferior border of the 
patella should be 3 inches below upper edge 
of film holder. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbag against foot. 


NOTE 1: To demonstrate entire length of leg 
on one film, turn the cassette to a diagonal 
position, and adjust the leg so that the 
planes of the malleoli and inferior border of 
the patella are equidistant from the corners 
of the cassette. 


NOTE 2: See Note, figure 10-25, for patient’s 
dress. 
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ANATOMICAL: As for figure 10-32. 


USE: With AP projection for basic study of 
leg. 


FILM: 14 X 17 inch, lengthwise; one half 
masked, for two views on one film. 


IDENTIFICATION: Either lateral border. 


POSITION: Patient laterally recumbent; 
lateral surface of leg against film; knee 
slightly flexed; opposite leg crossed over and 
out of way. Epicondylar plane parallel to 
film. To dernonstrate lower two-thirds of leg 
the malleolar plane should be 8 inches above 


Figure 10-33. Leg, Lateral (Mediolateral). 
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lower edge of film holder. To demonstrate 
upper two-thirds, the inferior border of the 
patella should be 3 inches below upper edge 
of film holder. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbag over foot. 


NOTE 1: To demonstrate entire length of leg 
on one film, use the technique described in 
Note, figure 10-32. 


NOTE 2: See Note, figure 10-25, for patient’s 
dress. 
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ANATOMICAL: Tibiofemoral articulation, 
distal end of femur, proximal ends of tibia 
and fibula. 


USE: With oblique and lateral projections 
for basic study of the knee. 


FILM: 8 X 10 inch, lengthwise. 


POSITION: Patient supine; knee in full ex- 
tension; epicondylar plane parallel to table 
top. Knee centered to film at level of inferior 
border of patella. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbag against each 
side of foot. 


NOTE 1: A PA knee projection can be used 
when the patella is the chief area of consid- 
eration; the reference points are the same as 


Figure 10-34. Knee, AP. 
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for the AP knee, except that the patient is 
prone. 


NOTE 2: See Note, figure 10-25, for patient’s 
dress. 


NOTE 3: An examination called arthrogra- 
phy (radiographic examination of a joint 
space after introducing a contrast medium) 
is frequently accomplished on the knee joint. 
Projections taken and other particulars de- 
pend upon local policy. 


VARIATION: When maximum joint space 
demonstration is desired, either of the fol- 
lowing methods may be employed: (1) As de- 
scribed for the AP knee, except that the CR 
is angled 10° cephalad to the center of the 
film; or (2) Flex the knee so that the leg and 
thigh form a 160° angle; support the film on 
sandbags to bring it into contact with the 
part; and direct the CR perpendicularly to 
the center of the film. 
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ANATOMICAL: Head of the fibula and prox- 
imal tibiofibular articulation, in particular; 
medial condyles of the femur and tibia; and 
the patella. 


USE: With AP and lateral projections for 
basic study of knee. 


FILM: 8 X 10 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient supine; knee in exten- 
sion; foot and leg rotated inwardly until the 
foot forms a 45° angle with the table top. 
Knee centered to film at level of inferior bor- 
der of patella. 


CENTRAL RAY: Perpendicular to center of 
film. 


Figure 10-35. Knee, Oblique, APMO. 
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IMMOBILIZATION: Sandbag against each 
side of foot. 


NOTE: See Note, figure 10-25, for patient’s 
dress. 


VARIATIONS: The AP _ lateral oblique 
projection demonstrates the lateral condyles 
with superimposition of the tibia and fibula. 
The PA lateral oblique projection demon- 
strates the lateral condyles of the femur and 
tibia and the tibiofibular articulation. The 
PAMO projection demonstrates the medial 
condyles with superimposition of the tibia 
and fibula. Requests for these three oblique 
projections of the knee are not frequent; 
when requested, they are accomplished in the 
manner described above. Occasionally, the 
two AP obliques or the two PA obliques may 
be desired for purposes of comparison. 
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ANATOMICAL: As for figure 10-35. leg crossed over and out of way. Epicondylar 
ste ba ats plane perpendicular; knee flexed 45°. Knee 
ee oe See oblique projections for centered to film at level of inferior border of 





patella. 
FILM: 8 X 10 inch, lengthwise. CENTRAL RAY: Perpendicular to center of 
IDENTIFICATION: Lateral border, anterior "!™- 
to part. IMMOBILIZATION: Sandbag across leg. 


POSITION: Patient laterally recumbent; NOTE: See Note, figure 10-25, for patient’s 
lateral surface of leg against film; opposite __ dress. 


Figure 10-36. Knee, Lateral (Mediolateral). 
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ANATOMICAL: Intercondyloid fossa of the 
femur, tibial spines, and the knee joints. 


USE: Supplemental to basic knee procedure 
for study of intercondyloid space of the fe- 
mur. 


FILM: 8 X 10 inch, lengthwise. 


Veils nacaa Re-exposed at top of 
Im. 


POSITION: Patient kneeling, leaning for- 
ward; arms extended with hands resting on 
table to support body; weight shifted to 
unaffected knee. Leg under examination flat 
on table with foot extending over end of ta- 
ble; plane of thigh at a 70° angle to table top 
(110° angle between leg and thigh); epicondy- 
lar plane parallel to film. Knee centered to 
film at level of inferior border of patella. A 
radiograph made in the Holmbiad position 
(A) is shown in C). 


CENTRAL RAY: Perpendicular to center of 
film. 


Figure 10-37. 
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IMMOBILIZATION: Sandbag 
against each side of leg under study. 


NOTE: See Note, figure 10-25, for patient’s 
dress. 


VARIATION: If the patient is unable to as- 
sume the Holmblad position (A), a similar 
demonstration of the intercondyloid space 
can be obtained with the patient supine or 
seated in the Beclere position (B). A 5 X 7 
inch film placed crosswise is recommended 
for the Beclere (AP), but if not available an 8 
X 10 inch (crosswise) film may be used. The 
identification data is re-exposed on either 
lateral border. The projection may be made 
with the patient either supine or seated. The 
knee is flexed so that the leg and thigh forma 
120° angle. The film is positioned parallel to 
the table top, and supported on sandbags to 
bring it into close contact with the posterior 
aspect of the knee. The CR is aligned at right 
angles to the leg and directed through the 
inferior border of the patella to the center of 
the film. 


braced 


ns . i e v ¥ g ~s 
Knee, Intercorpdyloid Space, Horabiad. 
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ANATOMICAL: Patella and femoropatellar 
space. 


USE: As a supplement to basic knee proce- 
dure to demonstrate vertical fractures of the 
patella or to study the femoropatellar space. 


FILM: 8 X 10 inch, lengthwise. 
IDENTIFICATION: Re-exposed at top of 
film. 


POSITION: Patient prone, supine, or seated, 
with leg and thigh forming an 80° angle 


Figure 10-38. Knee, Axial, Settegast. 
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(prone is the position of choice if patient is 
able to assume it). Film flat against anterior 
aspect of thigh. 


CENTRAL RAY: Angled cephalad to form a 
30° angle with the leg, and directed through 
inferior border of patella to center of film. 


IMMOBILIZATION: For prone position, use 
belt-type support for leg. If patient is supine 
or seated, place sandbag on top of foot. 


NOTE: See Note, figure 10-25, for patient’s 
dress. 
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ANATOMICAL: Two-thirds of femur with — should be 3 inches above lower edge of film 
knee or hip joint, as required. holder. To demonstrate upper two-thirds, the 


f 
USE: With lateral projection for basic study a be 3 inches below upper edge 0 


of femur. 


° : f 
FILM: 14 X 17 inch, lengthwise. enn RAY: Perpendicular to center 0 


IDENTIFICATION: Either lateral border. IMMOBILIZATION: Sandbags where re 


POSITION: Patient supine; knee in full ex- quired. 

tension; epicondylar plane parallel to film. 

Plane through anterior superior iliac spine NOTE: Cathode end of tube to patient's 
(ASIS) and midpoint of epicondyles over cen- _ head. All patients in gowns; undergarments 
ter line of table. To demonstrate lower two- removed from waist to knees, use sheet 
thirds, the inferior border of the patella drape. 


Figure 10-39. Femur, AP. 
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ANATOMICAL: Two-thirds of femur with 
knee or hip joint, as required. 


USE: With AP projection for basic study of 
femur. 


FILM: 14 X 17 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient laterally recumbent (A). 
Turn patient obliquely, with posterior side 
of body in contact with table; move unaffect- 
ed leg backward. Knee of affected extremity 
flexed; epicondylar plane perpendicular to 
film; plane through greater trochanter and 
midmedial surface of knee over center line of 
table. To demonstrate lower two-thirds, the 
inferior border of the patella should be 3 
inches below upper edge of film. Lateral ex- 
posures of the femur are shown in (C) and 


Figure 10-40. Femur, Lateral (Mediolateral). 
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CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Sandbags _ behind 
thighs and supporting foot board. Support 
unaffected leg with sandbags, as needed. 


NOTE: Cathode end of tube to patient’s 
head. See Note, figure 10-39, for patient’s 
dress. 


VARIATION: For litter or traction patients 
or those who are unable to lie on their sides, 
the supine position (B) may be used. The low- 
er two-thirds can be obtained with CR pass- 
ing either from lateral to medial, as illus- 
trated in (B), or from medial to lateral with 
unaffected leg raised. The upper two-thirds 
should be taken with the CR passing from 
medial to lateral, the unaffected leg raised, 
and the tube angled 20° cephalad to visualize 
the hip joint. 
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ANATOMICAL: Head and neck of femur, and 
acetabulum in particular. 


USE: With lateral projection for study of 
individual hip joint or head and neck of fe- 
mur. 


FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient supine; plane through 
anterior superior iliac spine (ASIS) and mid- 
point of epicondyles over center of line of 


Figure 10-41. Hip, AP. 
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table. Foot and leg rotated inwardly 15° from 
the vertical, to place neck of femur parallel 
to the film. Point of intersection of paramedi- 
an plane through ASIS and transverse plane 
through greater trochanter centered to film. 


CENTRAL RAY: Perpendicular to center of 
film. 


IMMOBILIZATION: Small sandbag in be- 
tween heels; large sandbags against side of 
feet. 


NOTE: See Note, figure 10-39, for patient’s 
dress. 





: 
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ANATOMICAL: Head and neck of femur, 
acetabulum, and upper end of femur. 


USE: With AP projection for study of indi- 
vidual hip joint or head and neck of femur. 


FILM: 10 X 12 inch; lengthwise to femur, and 
vertical. 


IDENTIFICATION: On border correspond- 
ing to anterior side of part. 


POSITION: Patient supine; affected extremi- 
ty in extension and abducted so that it is 
parallel with midline of body; opposite leg 
elevated and out of field of exposure. Epicon- 
dylar plane as nearly parallel to table top as 
injury will permit. Edge of vertical film hold- 
er is firmly pressed in just above iliac crest 
and turned so that it is parallel to the neck 


Figure 10-42. Hip, Lateral (Mediolateral). 
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of the femur. Midlength of cassette at the 
same level as the greater trochanter; mid- 
width of cassette in line with point of in- 
tersection of paramedian plane through 
ASIS and transverse plane through greater 
trochanter. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


NOTE 1: This is a true lateral projection 
showing the neck of the femur in its correct 
structural relationship, although somewhat 
magnified; extensively used as a guide in 
fracture reduction and in cases of limited 
mobility or possible fracture. 


NOTE 2: See Note, figure 10-39, for patient’s 
dress. 
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ANATOMICAL: Head and neck of femur, 
acetabulum, and upper end of femur. 


USE: In place of true lateral projection when 
patient is unable to separate or move lower 
extremities. 


FILM: 10 X 12 inch, lengthwise to femur. 


IDENTIFICATION: On border correspond- 
ing to anterior side of body. 


POSITION: Patient supine; foot turned 
slightly out from vertical, if possible. Place 


Figure 10-43. Hip, Lateral, (Johnson). 


cassette in vertical position against hip so 
that it is parallel with the midline of the 
body. Tilt cassette backwards 25° and press 
it flush against hip; support film in that 
plane with sandbags. Align greater trochan- 
ter to the center of the lower half of the cas- 
sette on the midlength of the film. 


CENTRAL RAY: Aligned perpendicular to 
film surface, then angled 25° cephalad to cen- 
ter of film. 


NOTE: See Note, figure 10-39, for patient’s 
dress. 
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ANATOMICAL: Lateral projection of head 
and neck of both femurs; acetabulum; and 
oblique projection of pelvis girdle. 


USE: With AP projection of pelvis for basic 
study of both hips, when mobility of patient 
permits. 


FILM: 14 X 17 inch, crosswise. 


IDENTIFICATION: Either lateral border. 


POSITION: Patient supine; vertebral col- 
umn over center line of table. Knees in ex- 


Figure 10-44. Hip, Lateral, (Frog Position). 
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treme flexion. Soles of the feet brought to- 
gether and thighs equally abducted to form 
an angle of approximately 80 degrees (injury 
will permit). Plane through the iliac crests is 
4 inches below the top film border. 


CENTRAL RAY: Angled ten degrees cephal- 
ic to center of film. 


IMMOBILIZATION: Sandbags against feet 
and supporting the legs. 


NOTE: See Note, figure 10-39, for patient’s 
dress. 
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ANATOMICAL: Bony structures of the pel- 
vic girdle in their anatomical relationship. - 


USE: Used as the basic projection in study of 
the pelvis; also used in conjunction with frog 
position (figure 10-44) for study of both hips. 


IDENTIFICATION: Either lateral border. 
FILM: 14 X 17 inch, crosswise. 


POSITION: Patient supine; vertebral col- 
umn over center line of table; knees extend- 
ed. Feet and legs rotated inwardly 15° from 


Figure 10-45. Pelvis, AP. 


the vertical to bring necks of femurs parallel 
to the film. Plane through iliac crests 3 inch- 
es below upper edge of film holder. 


aoe RAY: Perpendicular to center of 
lm. 


IMMOBILIZATION: Place small sandbag 
between heels and large sandbags against 
sides of feet to brace feet in correct position. 


NOTE: Cathode end of tube to patient’s feet. 
See Note figure 10-39, for patient’s dress. 
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ANATOMICAL: Ischium, pubic, and ilium. 


USE: In addition to the AP projection of the 
pelvis for further investigation of these par- 
ticular areas. 


FILM: 10 X 12 inch, lengthwise. 


exposure upright procedure is used wher- 
ein the weight of the patient’s body is al- 
ternately borne on one foot. The identifi- 
cation marker is placed on the weight- 
bearing side of each exposure.’ The CR is 
projected horizontally, other factors re- 


IDENTIFICATION: Re-exposed, top center maining he same: 
of film. 

ILIUM, OBLIQUE: The patient is positioned 
ISCHIUM, PUBIC, PA: as for the oblique lumbar spine. A 10 X 12 


inch film is used with the cassette placed 
lengthwise. A point 2 inches medial to the 
ASIS of side nearest film (which is the side 
under study) is centered to film. The CR is 


POSITION: Patient prone; median plane 
vertical and over center line of table. 
Plane through greater trochanter cen- 


tered to film. ( 

directed perpendicularly to the center of the 
CENTRAL RAY: 15° cephalad to center of —fiJm. 
film. 


NOTE: See Note, figure 10-39, for patient’s 
dress. 


VARIATION: To study the symphysis pub- 
is for abnormal sacroiliac motion, a two- 


Figure 10-46. Ischium, Pubic, PA; and Ilium, Oblique. 
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ANATOMICAL: Lungs, heart, aorta; second- 
arily, ribs. 


USE: Basic projection for study of the lungs 
and heart. 


FILM: 14 X 17 inch, lengthwise. 
IDENTIFICATION: Above either shoulder. 


POSITION: Patient standing, anterior as- 
pect of chest flush against film, arms at 
sides; median plane perpendicular to and 
over center of long axis of film. Hands on 
hips; shoulders and elbows rotated as far 
forward as possible to move scapula out of 
lung fields. Plane through acromial process- 
es 3 inches below upper edge of film holder. 


Figure 10-47. Chest, PA (Erect). 
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CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of full inspiration. 
Short-time exposure recommended (1/20 sec 
or less if possible). 


NOTE: Male patients stripped to the waist; 
females in gowns, undergarments removed 
from shoulders to waist. Necklace removed. 


VARIATION: AP chest projection may be 
made when PA projection cannot be accon- 
plished, but is seldom resorted to otherwise 
because of part-film distance of heart and 
difficulty in moving scapula completely out 
of lung fields. 
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ANATOMICAL: As for figure 10-47; in par- 
ticular, interlobar fissures, anterior and 
superior mediastinum. 


USE: Supplements the basic chest projec- 
tion, and is used for localization of pulmo- 
nary lesions and investigation of lobes and 
interlobar fissures. It is also a basic part of 
angiocardiographic and_ bronchographic 
procedures. The left lateral projection is 
used to demonstrate the heart and left lung 
field; the right lateral demonstrates the 
right lung field. 


FILM: 14 X 17 inch, lengthwise. 


IDENTIFICATION: Lateral border, anterior 
to the part. 


POSITION: Patient standing erect, arms 
folded over head; shouider nearest film 
pressed firmly against film holder. Median 
plane parallel to plane of film; midpoint be- 


Figure 10-48. Chest, Lateral (Erect). 
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tween sternum and spinous processes cen- 
tered to long axis of film. Plane through ac- 
romial processes 3 inches below upper edge 
of film holder (plane is taken with arms down 
and film holder at same height as for PA 
chest). 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of full inspiration. 
Short-time exposure recommended (1/20 sec 
or less if possible). 


NOTE: Necklace removed. See Note, figure 
10-47, for patient’s dress. 


VARIATIONS: Lateral projections of the 
chest in the supine or prone decubitus posi- 
tions may be requested for the purpose of 


visualizing lung areas previously obscured 
by fluid. 
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ANATOMICAL: Unobstructed view of left 
bronchial tree, parts of both lungs not ob- 
scured by the spine and mediastinal area, 
heart, aorta, and pulmonary artery. 


USE: Basic part of angiocardiographic and 
bronchographic procedures and studies of 
the esophagus. 


FILM: 14 X 17 inch, lengthwise. 


IDENTIFICATION: Above shoulder of side 
nearest film. 


POSITION: Patient standing erect, facing 
film holder. Rotate body to 45° oblique with 
anterior surface of right side in contact with 
film holder. Right hand palm out on hip, left 
hand resting on film support. Plane through 
acromial processes 3 inches below upper 
edge of film holder (plane is taken with arms 
down and film holder at same height as for 
PA chest projection). 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


Figure 10-49. Chest, Oblique (RAO). 
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PRECAUTION: Exposure is made with respi- 
ration suspended at end of full inspiration. 
Short-time exposure recommended (1/20 sec 
or less, if possible). 


NOTE 1: The LAO demonstrates the right 
bronchial tree and ventricles of the heart. It 
is used principally for angiocardiographic 
and bronchographic studies, but not for the 
esophagus. The principle of positioning and 
the factors used are same as for the RAO. 
The exact degree of body rotation used for 
any of the oblique chest projections will 
vary. A 45° body rotation is recommended, 
however, unless otherwise indicated by poll- 
cy or specific request. 


NOTE 2: Necklace removed. See Note, figure 
10-47, for patient’s dress. 


VARIATIONS: Posterior obliques are sel- 
dom used except as replacements for the an- 
terior obliques, when necessary, or as sup- 
plementary projections in the investigation 
of specific lesions. 








AFM 160-30/TM 8-280/NAVMED _ P-5119 


ANATOMICAL: Apices of lungs, in particu- 
lar. 


USE: As a supplementary projection for bet- 
ter demonstration of the apices of the lungs 
(free of clavicles) and in investigations of 
interlobar effusions and mediastinal pleuri- 
Sy. 

FILM: 14 X 17 inch, lengthwise. 


IDENTIFICATION: Above either shoulder. 


POSITION: Patient standing, back to verti- 
eal film support. Maintaining shoulders 
against support, have patient move feet 
forward about 12 inches, flex knees, and arch 


Figure 10-50. Chest, Lordotic, Apical. 
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lumbar area until coronal plane forms a 45° 
angle with plane of film. Place backs of 
hands on hips, rotate shoulders and elbows 
forward. Median plane centered to long axis 
of film. Plane of acromial processes 5 inches 
below upper border of film holder. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of full inspiration. 
Short-time exposure recommended (1/20 sec 
or less, if possible). 


NOTE: Necklace removed. See Note, figure 
10-47, for patient’s dress. 
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ANATOMICAL: Lungs, heart, aorta. 


USE: Supplements basic study; used to dem- 
onstrate change in fluid position and to re- 
veal pulmonary areas previously obscured 
in routine chest projections. Either a left or 
right lateral decubitus position may be used, 
depending upon the condition of the patient 
and the side to be demonstrated. (For a de- 
scription of the decubitus positions, see par- 
agraph 10-4). 


FILM: 14 X 17 inch, lengthwise to trunk. 
IDENTIFICATION: Above the shoulder. 


POSITION: Patient laterally recumbent, 
lying upon a pad of thickness sufficient to 
insure that both lateral margins of the chest 
are shown on the film. The film is placed ver- 
tically on the anterior aspect of the chest, 
with the length of the film parallel with the 


Figure 10-51. 


median plane of the body. Knees flexed, hips 
and shoulders perpendicular to table top. 
Lower arm raised and supporting the head, 
upper arm supporting film holder. Plane 
through acromial processes 3 inches below 
upper edge (head end) of film holder. 


CENTRAL RAY: Horizontal ray directed 
perpendicularly to center of film. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of full inspiration. 
Short-time exposure recommended (1/20 sec 
or less, if possible). 


NOTE: Necklace removed. See note, figure 
10-47, for patient’s dress. 


VARIATIONS: Lateral projections of the 
part with the patient in the prone or supine 
decubitus position are sometimes requested 
for visualization of areas previously ob- 
scured in routine lateral projections. 


Chest, PA, Lateral Decubitus Position. 
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ANATOMICAL: AP projection of the lungs 
and heart. 


USE: As a survey projection of the lungs and 
heart when the patient is too ill to be moved 
or turned to accomplish the PA chest projec- 
tion. 


FILM: 14 X 17 inch, lengthwise. 
IDENTIFICATION: Above either shoulder. 


POSITION: Patient in either a supine (A) or 
reclining (B) position (see variation below), 
with posterior aspect of chest against film 
and median plane perpendicular to and over 
center of long axis of film. Plane through 
acromial processes 3 inches below upper 
edge of film holder. 


CENTRAL RAY: Perpendicular to center of 
film. 


Figure 10-52. Chest, AP (Bedside). 





PRECAUTION: Exposure is made with respi- 
ration suspended at end of full inspiration. 
Make sure the apices of the lungs are not 
projected into the identification data. 


NOTE 1: Utilize as short an exposure time as 
the mobile unit will accomodate. 


NOTE 2: Necklace removed. See Note, figure 
10-47, for patient’s dress. 


VARIATION: When the condition of the pa- 
tient permits, the head of the bed should be 
elevated to bring the patient to a reclining 
position so that the diaphragm will move 
downward. This permits the use of a longer 
FFD than can be obtained with the supine 
position. 
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SECTION D—THE TRUNK 


10-17. Radiography of the Ribs: 
a. General: 

(1) Radiography of the ribs requires 
special consideration. Details for position- 
ing the patient and projecting the CR are 
given in figures 10-53 and 10-54. 

(2) Fractures provide the chief reason 
for radiography of the ribs. In many cases, 
fracture fragments may protrude into the 
pleura and lungs and cause complications. 
The ribs may be the site of tumors, osteo- 
myelitis, tuberculosis, and other conditions. 
The costovertebral joints are also subject to 
disease and trauma. 

b. The Ribs in Relation to the Diaphragm: 

(1) The diaphragm separates the thora- 
cic cavity from the abdominal cavity. The 
lower ribs partly surround the diaphragm 
and the upper abdominal contents, while the 
upper ribs surround the chest and the heart. 
Because of the markedly different densities 
of these two areas, the ribs are classified 
into two groups for purposes of radio- 
graphy: (a) those which are projected above 
the diaphragm—pairs 1-8; and (b) those 
which are projected below or through the 
diaphragm—pairs 9-12. 


Table 19-1. Rib Projections. 










Anterior Above 1 - AP (Survey 

1 - 30 degree, 

3 degree, 

epee | 
a 


P (Survey 






degree, 
deyree, 
> (Survey 


1 - 30 degree, 





]. ~ 30 degree, 





AFM 160-30/TM 8-280/NAVMED 


Area Relation to 
Injury Diaphragm Number §& Type of Projection 


film) 





anterior oblique, affected side down (RAO or LAO) 





anterior oblique, affected side up (RAO or LAO) 








film) 








posterior 


posterior 





film) 





posterior oblique, 


posterior oblique, 


P-5119 1 August 1974 


(2) Three factors affect the position of 
the diaphragm: the body build, the position 
of the patient, and the phase of respiration. 
The diaphragm is at its lowest level (a) in 
tall thin individuals, (b) when the patient is 
erect, and (c) after full inspiration. 

(3) The ribs above the diaphragm are 
examined with the patient erect, whenever 
possible, and the exposure is made after full 
Inspiration. The ribs below the diaphragm 
are examined with the patient recumbent on 
the X-ray table, and the exposure is made 
after expiration. 

c. Basic Procedure for Radiography of the 
Ribs. Regardless of type of rib injury or dis- 
ease or the area affected, it is reeommended 
that routine PA and lateral projections of 
the chest be taken. In addition to these chest 
positions, an AP rib projection of the hemi- 
thorax involved and one or two oblique 
projections should be made, with the tech- 
nique adjusted for the above or below the 
diaphragm area indicated. The number and 
type of oblique projections taken will depend 
on the area of injury or disease, and clinical 
policy. 

d. Number and Type of Projections. Table 
10-1 shows the rib radiographs that should 
be taken depending upon the area of injury. 
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ANATOMICAL: Ribs and costovertebral 
articulations. 


USE: As part of the basic procedure for ribs. 
FILM: 14 X 17 inch, lengthwise, or crosswise. 
IDENTIFICATION: Either lateral border. 


POSITION: Ribs above the diaphragm. The 
patient is placed in either a seated or stand- 
ing position with his back against a vertical 
table or portable upright Bucky. The hemi- 
thorax being examined is centered to the 
long axis of the film. The median plane of the 
body is perpendicular to the table, the arms 
are raised and kept out of the field of expo- 
sure, and the acromion process is aligned 3 
inches below the upper border of the film 
holder (measured with arms down). This 
projection is the one depicted in the accom- 
panying illustrations. 

Ribs below the diaphragm. The patient is 
placed in the supine position and the crest of 
the ilium is aligned so that it is 1 inch above 
the lower border of the film holder; other- 
wise, the positioning procedure is the same 
as for the AP above the diaphragm. 


Figure 10-53. Ribs, AP. 
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Head and neck of ribs and costovertebral 
articulations. Either above-the-diaphragm 
or below-the-diaphragm (depending on the 
area of injury) technique may be employed, 
except that the spine (instead of the affected 
hemithorax) is centered to the long axis of 
the film. 


CENTRAL RAY: Perpendicular to center of 
film. 


BREATHING: Above-the-diaphragm expo- 
sure is made after inspiration. Below-the- 
diaphragm exposure is made after expira- 
tion. 


NOTE: Male patients stripped to waist for 
above-the-diaphragm examinations; in 
gowns, under garments removed, for below- 
the-diaphragm examinations. Female pa- 
tients in gowns, undergarments removed 
from shoulders to waist. Necklaces removed. 


VARIATION: PA projections of the ribs may 
be accomplished by following the essentials 
of the above- or below-the-diaphragm tech- 
nique, but they are not usually made where 
the PA chest projection is part of the routine 
procedure. 
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ANATOMICAL: Ribs and costovertebral 
articulations. 


USE: As part of the basic procedure for ribs. 
FILM: 14 X 17 inch, lengthwise, or crosswise. 
IDENTIFICATION: Either lateral border. 


POSITION: Ribs above the diaphragm. The 
patient is placed in either a seated or stand- 
ing position facing the tube or vertical table, 
with the body obliqued to place the midco- 
ronal plane at the correct angle with the ta- 
ble top. The arms are raised and kept out of 
the field of exposure. The injured hemithorax 
is centered to the long axis of the film wheth- 
er the injured side is positioned toward the 
film or away from it. The acromion process is 
aligned 3 inches below the upper border of 
the film holder (measured with arms down). 
This projection is the one depicted in the 
accompanying illustrations. 

Ribs below the diaphragm. The patient is 
placed in the recumbent position and the 


Figure 10-54. Ribs, Obliques. 


crest of the ilium is aligned so that it is 1 
inch above the lower border of the film hold- 
er; otherwise, the positioning procedure is 
the same as for the oblique above the dia- 
phragm. 

Head and neck of ribs and costovertebral 
articulations. Either above-the-diaphragm 
or below-the-diaphragm (depending on the 
area of injury) technique may be employed, 
except that (1) the midcoronal plane is ad- 
justed to form an AP oblique position; (2) the 
spine (instead of the affected hemithorax) is 
centered to the long axis of the film. 


CENTRAL RAY: Perpendicular to center of 
film. 


BREATHING: Above-the-diaphragm expo- 
sure is made after inspiration. Below-the- 
diaphragm exposure is made after expira- 
tion. 


ADDITIONAL: For patient’s dress and re- 
moval of ornaments, see Note for figure 10- 
53. 
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ANATOMICAL: Entire sternum and region- 
al soft tissues. 


USE: With lateral projection for basic study 
of sternum. 


FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient prone. Turn patient to a 
20° to 30° oblique position with right anteri- 
or surface against table, right arm at side, 
and left arm in front of face. Flex left knee, 
and have patient support himself on left arm 
and flexed knee. Align sternum to center line 
of table, keeping hips and shoulders in same 
plane. Manubrial notch 3 inches below upper 
edge of film holder. 


areas RAY: Perpendicular to center of 
m. 


Figure 10-55. Sternum, Oblique (RAO). 
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PRECAUTION: Shallow or quiet breathing. 
Make exposure as patient slowly exhales. 
Use 3 to 5 seconds exposure time. 


NOTE 1: There is a 20° to 30° variable in de- 
gree of body rotation. The exact degree of 
rotation required depends upon the depth of 
the patient’s chest: the deeper the chest 
(from front.to back), the less the degree of 
body rotation. 


NOTE 2: Necklace removed. See Note, figure 
10-47, for patient’s dress. 


VARIATION: The LAO can also be used to 
demonstrate the sternum. However, in the 
RAO the heart shadow can be utilized to 
provide a uniform density for the sternum so 
that it can be more readily visualized. The 
procedure is essentially the same for both 
obliques. 
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ANATOMICAL: Entire sternum and region- 
al soft tissues. 


USE: With RAO projection for basic study of 
sternum. 


FILM: 10 X 12 inch, lengthwise. 


IDENTIFICATION: Lateral border, anterior 
to part. 


POSITION: Patient standing in true lateral 
position. Have patient rest hands, palms out, 
on back of hips and move shoulders back- 


Figure 10-56. Sternum, Lateral (Erect). 





ward. Median plane parallel to plane of film; 
sternum centered to long axis of film. Man- 
ubrial notch 3 inches below upper edge of 
film holder. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of full inspiration. 


NOTE: Necklace removed. See Note, figure 
10-47, for patient’s dress. 
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ANATOMICAL: Sternoclavicular joints, in 
particular; secondarily, the medial end of the 
clavicle. 

USE: For basic study of sternoclavicular 
articulations; both obliques are taken for 
comparison. 


FILM: 8 X 10 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient prone, arms at sides; 
median plane perpendicular to table and cen- 
ter line of long axis of film. Manubrial notch 
centered to film. 


CENTRAL RAY: Directed 15° medially to 
center of film. 


Figure 10-57. Sternoclavicular Joints. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of expiration. 


NOTE 1: If grid of any type is used the an- 
gled CR should be in the same plane as the 
linear grid strips. 


NOTE 2: Necklace removed. See Note, figure 
10-47, for patient’s dress. 


VARIATION: The PA projection utilizing 
perpendicular or short FFD to obliterate 
shadow of spine may be taken as a supple- 
mentary view. It provides a comparative 
view of both sides with one exposure. 
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ANATOMICAL: Liver, spleen, muscle shad- 
ows; kidneys, ureters, urinary bladder; stom- 
ach, small and large bowel. 


USE: Basic survey projection for abdominal 
contents, diaphragm through symphysis 
pubis. 


FILM: 14 X 17 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient supine, knees extended; 
median plane perpendicular to and over cen- 
ter line of table. Plane through iliac crests 
centered to film. 


CENTRAL RAY: Perpendicular to center of 
film. 


PRECAUTION: Exposure is made with respi- 
ration suspended after expiration. Use an 


Figure 10-58. Abdomen, AP (KUB). 
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exposure time of 1/2 second or less whenever 
possible. 


NOTE 1: The term K.U.B [kidneys, ureters, 
and bladder (urinary bladder] is frequently 
applied to this projection when the urinary 
system is of concern. The K.U.B. is an AP 
projection which may be made with the pa- 
tient upright, recumbent, or with head-low- 
ered; using the references and factors given 
for this figure. 


NOTE 2: All patients in gowns; all undergar- 
ments removed. 


VARIATION: A PA abdomen can be accom- 
plished with the patient prone; other factors 
remain the same as given herein. The PA 
may be the position of choice for certain 
studies of the lower intestinal tract. 


P-5119 


AFM 160-30/TM 8-280/NAVMED 


ANATOMICAL: Diaphragm, lower lungs, 
kidneys, liver, stomach, small bowel, and 
upper portions of large bowel. 


USE: Included with the recumbent position 
in undiagnosed cases of acute abdominal dis- 
tress. Also used to aid in demonstrating fluid 
levels in intestinal obstructions, free air 
resulting from a rupture or perforation of 
the intestinal tract, and location of foreign 
bodies. 


FILM: 14 X 17 inch, lengthwise. 


IDENTIFICATION: Lower half of either lat- 
eral border. Some form of marker must be 
included to show that the projection was 
made with the patient upright; for example, 
the word “Up” or “Upright” or an arrow. 


POSITION: Patient seated or standing, with 
back against an upright table or a portable 
upright Bucky. Median plane perpendicular 


Figure 10-59. Abdomen, AP (Upright). 
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to and over center line of table. Xiphoid 
process centered to film. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Exposure is made with respi- 
ration suspended after expiration. Use an 
exposure time of 1 second or less whenever 
possible. 


NOTE 1: Dizziness and nausea are common 
occurrences when the upright position is 
used, and an attendant should be near the 
patient at all times to render whatever as- 
sistance is necessary. 


NOTE 2: See Note, figure 10-58, for patient’s 
dress. 


VARIATION: When requested, a PA projec- 
tion of this upright position can be accom- 
plished. 
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ANATOMICAL: Lower lungs, diaphragm 
and abdominal contents, diaphragm through 
the symphysis pubis. 


USE: As a supplementary projection, when 
requested, to aid in demonstrating fluid level 
accompanying intestinal obstructions or in 
detecting free air resulting fromrupture or 
perforation of the intestinal tract. 


FILM: 14 X 17 inch lengthwise to trunk. 


IDENTIFICATION: On the border corre- 
sponding to the side of the body that is up; 
include proper decubitus markers. 


POSITION: Patient laterally recumbent, 
lying upon a pad of thickness sufficient to 
insure that both lateral margins of the abdo- 
men are shown on the film. The film is placed 
vertically on the anterior aspect of the abdo- 
men, with the length of the film parallel with 
the median plane of the body. Knees flexed, 
hips and shoulders perpendicular to table 
top. Lower arm raised and supporting head, 
upper arm supporting film holder. Plane 
through iliac crests centered to film. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Exposure is made with respi- 
ration suspended after expiration. Use an 
exposure time of 1 second or less whenever 
possible. 


NOTE 1: An AP projection with the patient 
in either the right or left lateral decubitus 
position can also be accomplished; the choice 
depends upon clinical preferences and path- 
ological considerations. 


NOTE 2: See Note, figure 10-58, for patient’s 
dress. 


VARIATIONS: (1) Infrequently, a lateral 
projection of the part made with the patient 
in either the prone or decubitus position may 
be employed during artificial pneumoperito- 
neum or study of fluid levels or air accumula- 
tions. (2) Occasionally, in investigative stud- 
ies of intra-abdominal tumor masses or cal- 
cifications, request may be made for a later- 
al projection to be taken with the patient in 
the laterally recumbent position. This 
projection is accomplished by positioning 
the patient as for a lateral projection of the 
lumbar spine and placing the intersection of 
the midcoronal plane and the crests of the 
ilium to the center of the film. 


Figure 10-60. Abdomen PA (Lateral Decubitus Position). 
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ANATOMICAL: Lower five cervical verti- 
brae and soft tissues. 


USE: With open mouth and lateral projec- 
tions for basic study of cervical spine. 


FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient supine, vertebral col- 
umn over center line of table. Median plane 
and acanthiomeatal plane perpendicular to 
film. 


CENTRAL RAY: Directed 15° cephalad 
through midpoint of thyroid cartilage to 
center of film. 


~ VARIATION: Moving jaw cervical. The mov- 
ing jaw cervical is an AP projection which 


Figure 10-61. Cervical Spine, AP. 
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demonstrates all seven cervical vertebrae 
with one exposure to the part. It is accom- 
plished by having the patient open and close 
his mouth rapidly while the exposure is being 
made. For this projection, position and cen- 
ter the part as for the AP cervical, with 
complete immobilization of head by means of 
sandbags, headclamps, or restraining band. 
Utilize a minimum exposure time of 5 sec- 
onds. CR directed perpendicularly to center 
of film. In some clinics, the moving jaw 
projection is preferred to the AP and open- 
mouth combination of demonstrating all 
seven cervical vertebrae in the AP plane. 


NOTE: Male patients stripped to waist; fem- 
ales in gowns, undergarments removed from 
shoulders to waist. Dentures and necklace 
removed. 
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ieee lst and 2nd cervical verte- 
rae. 


USE: With AP projection for basic study of 
cervical spine. 


FILM: 8 X 10 inch, lengthwise. 


arr Re-exposed at top of 
m. 


POSITION: Patient supine, vertebral col- 
umn over center line of table. Median plane 


Figure 10-62. Cervical Spine, Open Mouth. 


and acanthiomeatal plane perpendicular to 
film. Mouth open to extreme limit for the 
exposure. Open mouth centered to film. 


CENTRAL RAY: Perpendicular to center of 


film. 


IMMOBILIZATION: Sterilized cork may be 
used to keep mouth open. 


NOTE: Dentures and necklace removed. 
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ANATOMICAL: All seven cervical verte- 
brae. 


USE: With AP and open-mouth projections 
for basic study of cervical spine. 


FILM: 10 X 12 inch, lengthwise. 


IDENTIFICATION: Lateral border, poster- 
ior to the part. 


POSITION: Patient seated, shoulder firmly 
against vertical film support. Median plane 
parallel to film; acanthiomeatal plane paral- 
lel to floor. Neck centered to film at level of 
midpoint of thyroid cartilage. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


IMMOBILIZATION: Equal weights (small 
sandbags) in hands to bring shoulders down. 


Figure 10-63. Cervical Spine, Lateral (Erect). 


NOTE 1: Short exposure time advisable (1/10 
sec or less when possible). 


NOTE 2: Male patients stripped to waist; 
females in gowns, undergarments removed 
from shoulders to waist. Necklaces, ear- 
rings, and eyeglasses removed. 


VARIATION: Two separate lateral projec- 
tions, one with extension and the other with 
flexion of neck, may be made for comparison 
to determine the mobility of the cervical ver- 
tebrae. Both projections are obtained with 
patient erect in normal lateral position. For 
position 1 (extension), have patient elevate 
chin and extend neck to its limit while hold- 
ing shoulders still. For position 2 (flexion), 
have patient lower chin and flex neck to its 
limit while holding shoulders still. 
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ANATOMICAL: Cervical vertebrae, with 
emphasis on intervertebral foramina. 


USE: Supplements normal cervical proce- 
dure in studies of the intervertebral forami- 
na. Demonstrates side away from film. Both 
obliques are taken for comparison. 


FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


Figure 10-64. Cervical Spine, Oblique (LPO). 


POSITION: Patient erect or seated. Rotate 
body to 45° oblique position, keeping hips 
and shoulders in same plane. Rest head on 
small support and depress chin enough to 
straighten cervical curve. 


CENTRAL RAY: 15° cephalad through cer- 
ter of neck in line with midpoint of thyroid 
cartilage to center of film. 


NOTE: See Note, figure 10-63, for patient’s 
dress and ornaments. 
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ANATOMICAL: Lower cervical and upper 
thoracic spine. 


USE: Included with basic study of thoracic 
spine, when the upper three thoracic verte- 
brae are concerned. These three vertebrae 
are not demonstrated in the true lateral 
thoracic projection. It can also be used when 
the lateral cervical projection fails to dem- 
onstrate C6 and /or C7. 


FILM: 8 X 10 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient in true lateral position; 
knees flexed, hips and shoulders perpendicu- 


Figure 10-65. Cervicothoracic Spine, Lateral. 
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lar to table; head elevated and supported at 
spine level. Coronal plane in line with superi- 
or prominence of crest of ilium over center 
line of table. Move arm nearest table for- 
ward and upward to elevate corresponding 
shoulder; grasp thigh with other hand and 
pull downward to depress opposite shoulder 
(the one farthest away from table). Spine 
centered to film at level of jugular notch. 


ere RAY: Perpendicular to center of 
lm. 


IMMOBILIZATION: Support head with 
sandbag. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of expiration. 


NOTE: Necklace removed. See Note, figure’ 
10-63, for patient’s dress. 
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ANATOMICAL: Thoracic vertebrae; paras- 
pinal soft tissues. 


USE: With lateral projection for basic study 
of thoracic spine. 


FILM: 14 X 17 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient supine, vertebral col- 
umn over center line of table. Median plane 


Figure 10-66. Thoracic Spine, AP. 
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perpendicular to film. Plane through acrom- 
ion 3 inches below upper edge of film holder. 


eae RAY: Perpendicular to center of 
lm. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of expiration. Cath- 
ode end of tube to patient’s feet. 


NOTE: Necklace removed. See Note, figure 
10-63, for patient’s dress. 
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ANATOMICAL: Thoracic vertebrae and in- 
terspaces. 


USE: With AP projection for basic study of 
thoracic spine. 


FILM: 14 X 17 inch, lengthwise. 


IDENTIFICATION: Lateral border, poster- 
lor to the part. 


POSITION: Patient laterally recumbent; 
knees flexed, hips and shoulders perpendicu- 
lar to table; head elevated and supported at 
spine level; arms away from area of interest. 
Place radiolucent material under lower dor- 
sal region to bring long axis of spine parallel 


Figure 10-67. Thoracic Spine, Lateral. 
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to table top. Coronal plane in line with supe- 
rior prominence of crest of ilium over center 
line of table. Plane through acromion 2 inch- 
es below upper edge of film holder. 


CENTRAL RAY: Perpendicular to center of 
film. 


PRECAUTION: Exposure is made with respi- 
ration suspended at end of expiration. Cath- 
ode end of tube to patient’s feet. 


NOTE 1: Normally, the upper three thoracic 
vertebrae are not seen in this projection 
because of superimposition of the shoulders. 


NOTE 2: Necklace removed. See Note, figure 
10-63, for patient’s dress. 
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ANATOMICAL: Apophyseal joints and arti- 
cular processes of thoracic vertebrae. 


USE: Supplements basic study of thoracic 
spine in investigation of apophyseal articu- 
lations. Demonstrates side away from film. 
Both obliques are taken for comparison. 


FILM: 14 X 17 inch, lengthwise. 
IDENTIFICATION: Either latera] border. 
Figure 10-68. 
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POSITION: Patient laterally recumbent; 
knees flexed, head elevated and supported at 
spine level. From true lateral position, ro- 
tate body backward until coronal plane 
forms a 70° angle with table top. Arm near- 
est the table placed in front of, and at right 
angles to the body; hand of opposite arm on 
hip, elbow flexed to keep arm out of field of 
exposure, as shown in A (or both arms can be 
elevated as shown in B). Adjust spine to cen- 
ter line of table. Plane through acromion 3 
inches below upper edge of film holder. 


CENTRAL RAY: Perpendicular to center of 
film. . 


PRECAUTION: Exposure is made with resp!- 
ration suspended at end of expiration. Cath- 
ode end of tube to patient’s feet. 


NOTE: See Note, figure 10-63, for patient’s 
dress and ornaments. 
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ANATOMICAL: Lumbar vertebrae and in- 
terspaces; soft tissues. 


USE: With lateral projection for basic study 
of lumbar spine. 


FILM: 14 X 17 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient supine, vertebral col- 
umn over center of table. Knees flexed; soles 
of feet flat on table, to flatten lordotic curva- 
ture if possible. Median plane perpendicular 
to table. Plane through iliac crests 1 inch 
below center of film. 


ee RAY: Perpendicular to center of 
m. 


IMMOBILIZATION: Sandbags across feet. 


PRECAUTION: Respiration suspended dur- 
ing exposure. 


Figure 10-69. Lumbar Spine, AP. 
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VARIATION: (1) PA. The PA projection is of 
great value in demonstrating the interverte- 
bral spaces because it takes advantage of 
the natural curvature of the spine. This view 
is made with the knees in extension, other 
factors remaining the same as for the AP. (2) 
PA (erect). Two projections are made, one 
with right bending and one with left bending. 
Have patient bend at waist, leaning directly 
laterally as far as he can without support 
and without raising his foot. Execute right 
and left bending projections on separate 
films using appropriate markers. These 
projections demonstrate the mobility of the 
intervertebral joints, and are especially use- 
ful in localizing the involved joint in cases of 
disk protrusion. 


NOTE: All patients in gowns; undergar- 
ments removed from waist through hips. 
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ANATOMICAL: Lumbar vertebrae and in- 
terspaces; soft tissues. 


USE: With AP projection for basic study of 
lumbar spine. 


FILM: 14 X 17 inch, lengthwise. 


IDENTIFICATION: Lateral border, poster- 
ior to the part. 


POSITION: Patient laterally recumbent; 
knees flexed, arms at right angles to body. 
Place radiolucent material under lower dor- 
sal region to bring long axis of spine parallel 
to table top. Coronal plane in line with supe- 
rior prominence of crest of ilium over center 
line of table. Plane through iliac crests 1 
inch below center of film. 


CENTRAL RAY: Perpendicular to center of 
film. 


PRECAUTION: Respiration suspended dur- 
ing exposure. Cathode end of tube to pa- 
tient’s feet. 


Figure 10-70. Lumbar Spine, Lateral. 
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NOTE 1: Because of the marked difference in 
density between the L-1 to L-4 area and the 
L-5 and sacrum area as projected laterally, 
it is not unusual to make two separate later- 
al projections instead of the one described 
above. For the L-1 through L-4 area, the pos- 
ition and factors are the same as given for 
this figure except that the crest of the ilium 
is centered to the lower half of a lengthwise 
10 X 12 inch film. For the L-5 and lumbosa- 
cral joint, the technique is identical to that 
used for the lateral lumbosacral projection. 


NOTE 2: See Note, figure 10-69, for patient’s 
dress. 


VARIATIONS: Two upright lateral projec- 
tions, one with flexion and the other with 
extension (forward and backward bending), 
are used to demonstrate mechanical obstruc- 
tion at the posterior portion of the interver- 
tebral joints. Have patient bend at waist, 
leaning forward (or backward) as far as pos- 
sible without support. Execute forward and 
backward bending projections on separate 
films, using appropriate markers. 
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ANATOMICAL: Lumbar vertebrae, with 
emphasis on apophyseal articulations. 


USE: As a supplement to basic study of lum- 
bar spine in investigation of the apophyseal 
articulations. Demonstrates side away from 
film. Both obliques are taken for compari- 
son. 


FILM: 10 X 12 or 14 X 17 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 
POSITION: Patient supine. Body rotated to 
a 45° oblique, with hips and shoulders in 


Figure 10-71. 


Lumbar Spine, Oblique (RPO). 
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same plane. Plane through iliac crests 1 inch 
below center of film. 


i RAY: Perpendicular to center of 
m. 


IMMOBILIZATION: Support lower extremi- 
ties, hips, and shoulders with sandbags, 
keeping sandbags out of field of exposure. 


PRECAUTION: Respiration suspended dur- 
ing exposure. Cathode end of tube to pa- 
tient’s feet. 


NOTE: See Note, figure 10-69, for patient’s 
dress. 
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ANATOMICAL:  Sacro-iliac 
lumbosacral articulation, sacrum and coc- 
cyx. 


articulation, 


USE: The combinations of projections rec- 
ommended for the basic study of the given 
body area are listed below: Lumbosacral-- 
AP, lateral, and both right and left obliques. 
Sacro-iliac--AP and both right and left 
obliques. Sacrum--AP and lateral. Coccyx-- 
AP and lateral. 


FILM: 10 X 12 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


Figure 10-72. 
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POSITION: Patient supine; pillow ur 
head and knees extended. Median plane pei 
pendicular and over center line of table. | 


AP SACRUM: CR angled 15° cephalad ané 
directed through a point 2 inches below mid- 
ASIS plane to center of film as shown in pho- 
tograph (A) and in line drawing (B). The ac- 
companying radiograph illustrates this 
projection. 

AP LUMBOSACRAL or AP SACRO-ILIAC: 
CR angled 20° cephalad and directed through 


mid-ASIS plane to center of film as shown in 
the line drawing (C). 


AP COCCYX: CR angled 10° caudad and di- 
rected through a point 2 inches below mid- 
ASIS plane to center of film (see line drawing 
B). 


NOTE: See Note, figure 10-69, for patient’s 
dress. 


Sacral Joints, Sacrum and Coccyx (AP). 
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ANATOMICAL: Lumbosacral articulation, 
sacrum, and coccyx. 


USE: See figure 10-72. 
FILM: 10 X 12 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient in true lateral position 
(as for lateral lumbar spine, figure 10-70). 


LATERAL SACRUM: Point 2 inches anteri- 
or to superior surface of back aligned over 
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CENTER LINE 


LATERAL 
SACRUM 








SUPERIOR 
PROMINENCE 


CENTER LINE OF CREST 


OF TABLE 


CENTERING 
POINT 


LATERAL 
LUMBO- 
SACRAL 


center line of table and at a point in line with 
ASIS as shown in the photograph and line 
drawing (B). The accompanying radiograph 
illustrates this projection. 


LATERAL LUMBOSACRAL: Align superior 
prominence of iliac crest over center line of 
table with point midway between the superi- 
or prominence and ASIS plane centered to 
film (see line drawing C). 


LATERAL COCCYX: Point 2 inches anterior 
to posterior surface of back aligned over 
center line of table and at a point 3 inches 
inferior to ASIS (see line drawing B). 


CENTRAL RAY: CR directed perpendicular- 
ly to center of film for all three projections. 


NOTE: See Note, figure 10-69, for patient’s 
dress. 


Figure 10-73. Sacral Joints, Sacrum and Coccyx (Lateral). 
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ANATOMICAL: Sacro-iliac and lumbosacral 
articulations. 


USE: See figure 10-72. 
FILM: 10 X 12 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient supine, Body rotated 30° 
oblique, with hips and shoulders in same 
plane. 


Figure 10-74. Sacro-iliac Joint, Oblique (RPO). 
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OBLIQUE SACRO-ILIAC: CR directed per- 
pendicularly through a point 1 inch medial to 
ASIS of elevated side (side under study) to 
center of film as shown in the illustration. 


OBLIQUE LUMBOSACRAL: CR angled 20° 
cephalad and directed through a point 2 
inches medial to ASIS of elevated side to cen- 
ter of film. 


NOTE: See Note, figure 10-69, for patient’s 
dress. 


No copy information for figure 10-75. 
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SECTION E—THE SKULL 
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Figure 10-75. Special Landmarks of the Skull and Types of Skulls. 
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ORBITO- 
MEATAL 
VERTICAL 


————— 


ANATOMICAL: Frontal bone, orbits, fron- 
tal sinus, and ethmoid air cells. Secondarily, 
petrous ridges. 


USE: With Lateral and fronto-occipital 
projection for basic study of cranium. 


FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Either lateral! border. 


POSITION: Patient prone. Median plane of 
body and skull perpendicular to and over 
center line of table. Elbows flexed, arms in 
comfortable position alongside of head. Nose 
and forehead resting on table top, with medi- 


Figure 10-76. Siull. PA. 
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MEDIAN 
VERTICAL 


an plane and orbitomeatal line perpendicu- 
lar to table. Glabella to center of film. 


CENTRAL RAY: Perpendicular to center of 
film. 


PRECAUTION: Before positioning the pa- 
tient make sure eyeglasses, dentures, hair- 
pins, and earrings have been removed. 


VARIATIONS: If it is desired to project the 
petrous ridges into the orbits where they 
may be visualized more clearly, the CR is 
angled 15° caudad. To void the orbits of the 
petrous ridges, the CR is angled 238° caudad. 
These variations are accomplished as re- 
quested. 
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ANATOMICAL: Frontal, parietal, temporal, 
and occipital bones, sella turcica. Secondari- 
ly, nasal sinuses, facial bones. 


USE: With PA and fronto-occipital projec- 
tions for basic study of cranium. 


FILM: 10 X 12 inch, crosswise. 


IDENTIFICATION: Lateral border, anterior 
to the part. 


POSITION: Patient prone, with side of cran- 
lum to be examined resting on film holder. 
Arm of side under study extended alongside 
of body; opposite arm flexed, hand in front of 
face. Align facial line parallel to lateral bor- 


Figure 10-77. Skull, Lateral. 
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HORIZONTAL 


FACTAL 
PAKALLEL 
’ 


LATERAL 
HOKDER 


ders of film holder. Align median plane of 
skull parallel to table top (vertical interpu- 
pillary line verifies this). Center the sella 
turcica, a point 1 inch anterior and 2 inches 
superior to the E.A.M. over center of table; 
vertex of skull is placed 3 inches below the 
top film border. To keep head in proper posi- 
tion, have patient support chin with fist; or 
place pad under chin. 


Sie RAY: Perpendicular to center of 
lm. 


PRECAUTION: Before positioning patient 
make sure eyeglasses, dentures, hairpins, 
and earrings have been removed. 
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MEDIAN PLANE. 





ANATOMICAL: Occipital bone and fore- 
arm magnum, petrous ridges, vestibular 
area and mastoids. Secondarily, internal 
acoustic meatus, dorsum sellae, anterior cli- 
noids. 


USE: With PA and lateral projections for 
basic study of cranium. Also as a supplemen- 
tal projection in investigations of the pe- 
trous portion, zygomatic arches, and tempo- 
romandibular joint. 


FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient supine. Median plane of 
body and skull perpendicular to and over 
center line of table. Chin depressed; median 
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plane of skull and orbitomeatal line perpen- 
dicular to table top. Vertex of skull is placed 
even with top film border. 


CENTRAL RAY: 30° caudad to center of film. 


PRECAUTION: Before positioning patient 
make sure eyeglasses, dentures, hairpins, 
and earrings have been removed. 


NOTE: If difficulty is encountered in getting 
orbitomeatal line perpendicular to table top, 
use upright position with vertical Bucky. If 
upright position is not possible use a grid 
cassette elevated and angled to place the 
orbitomeatal line perpendicular to the film 
surface, and align caudally inclined CR to 
forma 30° angle with the orbitomeatal line. 


Figure 10-78. Skull, Chamberlain-Towne, Modified (Fronto-occipital). 
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ANATOMICAL: Foramina at base of skull; 
sphenoid and posterior ethmoid sinuses fora- 
men magnum, mandible etc. 


USE: As a supplemental projection in stud- 
les of the cranial base, sphenoid sinus, man- 
dible, petrous portion, and zygomatic arch- 
es. 


FILM: 10 X 12 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient seated far enough away 
from front of vertical Bucky so that he/she 
can lean backward and arch neck to the ex- 
treme to bring vertex of skull in contact with 
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INFRAORBITOMEATAL 
PARALLEL 
TO FILM 





MEDIAN PERPENDICULAR 


vertical film support. Midpoint of angles of 
mandible centered to film. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Before positioning patient 
make sure eyeglasses, dentures, hairpins, 
earrings, and nécklace have been removed. 


VARIATION: The supine position may be 
used if a buttress is placed under the shoul- 
ders, but this position is harder on the pa- 
tient and makes the procedure more difficult 
for the x-ray technologist to accomplish. 


Figure 10-79. Skull, Bowen-Hirtz (Submentovertical). 
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ANATOMICAL: Frontal sinus and anterior 
ethmoidal cells, in particular; secondarily, 
orbits and petrous portion. 


USE: With the Water’s and lateral projec- 
tions for basic study of the paranasal sinus- 
es. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient in a seated or kneeling 
position facing an upright table or upright 
Bucky, nose and forehead resting against 
the vertical table surface. Adjust the head so 
that the median plane and orbitomeatal line 
are perpendicular to the table top. The na- 
sion is centered to the film. 


CENTRAL RAY: Tilted downward to form a 
15° angle with the horizontal directed to the 
center of the film. 


PRECAUTION: Before positioning the pa- 
tient make sure that hairpins, eyeglasses, 
dentures, necklace, and earrings have been 
removed. 


NOTE (Applies to all sinus positions): All of 
the sinus projections may be made with the 
patient in a recumbent position, but they are 
not routinely accomplished in that manner. 
The upright position is the position of choice 
for detecting the presence or absence of fluid 
and to differentiate between shadows caused 
by fluid and those caused by other condi- 
tions. 


VARIATIONS: Posterior ethmoidal cells are 
demonstrated by utilizing a horizontal CR 
directed perpendicularly to the center of the 
film, all other factors remain the same. 


Figure 10-80. Sinuses, Caldwell (Frontal and Anterior Ethmoid). 
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ANATOMICAL: Maxillary sinuses, in par- 
ticular; secondarily, frontal, and ethomoidal 
sinuses, orbits, and zygoma. 


USE: With the Caldwell and lateral projec- 
tions for basic study of the paranasal sinus- 
es. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient in a seated or kneeling 
position facing an upright table or upright 
Bucky, chin resting against the vertical ta- 


Figure 10-81. Sinuses, Water’s (Maxillary). 
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ble surface. Adjust the head so that the orbi- 
tomeatal line forms an angle of 37° with the 
table surface and the median plane is per- 
pendicular to the table top. Acanthion cen- 
tered to film. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Before positioning the pa- 
tient make sure that hairpins, eyeglasses, 
dentures, necklace, and earrings have been 
removed. 


NOTE: See Note, figure 10-80. 





ANATOMICAL: Frontal, ethmoid, sphenoid, 
and maxillary sinuses. 


USE: With the Caldwell and Water’s projec- 
tions for basic study of the paranasal sinus- 
es. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient in a seated or kneeling 
position facing an upright table or upright 


Figure 10-82. Sinuses, Lateral (All Sinuses). 
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Bucky. Turn the body obliquely until the ( 


median plane of the head is parallel to the 
table top. Facial line parallel to lateral bor- 
ders of film holder. External canthus cen- 
tered to film. 


CENTRAL RAY: Horizontal, directed per- 
pendicularly to center of film. 


PRECAUTION: Before positioning the pa- 
tient make sure that hairpins, eyeglasses, 
dentures, necklace, and earrings have been 
removed. 


NOTE: See Note, figure 10-80. 
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ANATOMICAL: Sphenoid sinus, in particu- 
lar; secondarily, maxillary sinus, maxilla, 
and zygoma. 





USE: One of several projections that may be 
selected to demonstrate the sphenoid sinus in 
instances where more information is desired 
than can be obtained with a lateral projec- 
tion. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient in a sitting or kneeling 
position, facing an upright table or upright 
Bucky. Have the patient open his mouth, and 
rest his nose, open mouth, and chin on the 
table surface. Adjust the head so as to place 
the median plane perpendicular to the table 
top. 


CENTRAL RAY: From the horizontal, an- 
gled caudally and projected through a point 
1 inch anterior and 1 inch superior to the 
midpoint of a line connecting the external 
auditory meatuses, passing through the cen- 
ter of the open mouth to the center of film. 


PRECAUTION: The area on which the pa- 
tient’s mouth will rest should be sponged 
with alcohol, and a 4 X 4 inch gauze pack 
should be placed between the table and the 
mouth. Before positioning the patient, make 
sure that hairpins, eyeglasses, dentures, 
necklace, and earrings have been removed. 


, NOTE: In order to void the sphenoid area of 
the tongue, have the patient say “ah” for the 
duration of the exposure time. See also Note, 
figure 10-80. 


VARIATION: The Granger 107° position, 
shown in the line drawing, may be requested 
for study of the sphenoid sinus. The patient 
is prone, with chin and forehead supported 
on radiolucent material so that the nose only 
is in contact with the film which is on a re- 
verse 17° angle board. Adjust the head to 
place the median plane perpendicular to the 
film and the glabella alveolar line parallel to 
the film. Direct the vertical CR through the 
midpoint of a line connecting the external 
auditory meatuses to the center of the film. 











Figure 10-83. Sinuses, Open Mouth (Sphenoid). 


10-90 


AFM 160-30/TM 8-280/NAVMED 


P-5119 1 August 1974 





ANATOMICAL: Sphenoid sinus. 
USE: Same as for figure 10-83. 
FILM: 8 X 10 inch, crosswise. 


IDENTIFICATION: Re-exposed, either later- 
al border. 


POSITION: Patient prone, chin extended and 
in contact with the film which is resting on 
an angle board set at an angle of 17° toward 
the head. Adjust the head to place the median 
plane perpendicular to the film and the orbi- 
tomeatal line as nearly parallel to the film as 
possible. 


CENTRAL RAY: Adjusted so that it is at 
right angles to the orbitomeatal line. Direct 
the CR through a point 1 inch anterior to the 
midpoint of a line connecting the external 
auditory meatuses to the center of the film. 


PRECAUTION: Before positioning the pa- 
tient, make sure that hairpins, eyeglasses, 


dentures, necklace, and earrings have been 
removed. 


NOTE: This projection can also be taken 
with the patient in the upright position, if 
desired. If the upright position is used, omit 
the angle board, turn the film lengthwise, 
and re-expose the identification data at the 
top center of the film. Otherwise, the proce- 
dure is the same as for the prone position. 


VARIATION: A modified Bowen-Hirtz crani- 
al projection (figure 10-79) produces a dem- 
onstration similar to that obtained with the 
verticosubmental. Position the patient as 
for a normal Bowen-Hirtz cranial projection. 
Direct the horizontal CR 1 inch anterior to 
the midpoint of a line connecting the exter- 
nal auditory meatuses to the center of the 
film. Use an 8 X 10 inch film placed length- 
wise, and re-expose the identification data at 
top center of film. 


Figure 10-84. Sinuses, Verticosubmental (Sphenoid). 
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ANATOMICAL: Posterior ethmoidal and 
sphenoidal sinuses; optic foramen. 


USE: Basic projection for study of the optic 
foramen; both obliques are taken for com- 
parison. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient prone . Arm of side to be 
examined extended alongside of body, oppo- 
site hand in front of face. Rest head on nose, 
forehead, and zygoma. Adjust the head so 


Figure 10-85. Optic Foramen, Rhese. 


CR 


53° 


that the acanthiomeatal line is perpendicu- 
lar to the film and the median plane is at a 
53° angle to the film. Orbit of side under 
study centered to film. 


CENTRAL RAY: Perpendicular to center of 
film. 


PRECAUTION: See Precaution, figure 10-84. 


VARIATION: The optic foramen can also be 
demonstrated satisfactorily with an AP 
oblique projection. The supine position is 
used and the upper orbit centered to the film; 
part angulation and CR centering are as 
outlined above. 
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ANATOMICAL: Mastoid antrum, sigmoid 
sinus, acoustic meati pyramid, and temporo- 
mandibular articulation. 


USE: With AP oblique (Hickey) projection 
for basic study of the mastoid process. Both 
sides should always be exposed (at least on 
initial examination); this also applies to the 
Hickey. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient prone. Arm of side to be 


examined extened alongside of body. Oppo- — 


Figure 10-86. Mastoid, Schiller (Lateral). 
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MEDIAN 
HORIZONTAL 


MEDIAN 
HORIZONTAL 


site hand, or a pad, may be used as support 
under chin. Head in true lateral position 
with median plane parallel and interpupil- 
lary line perpendicular to film surface. 


CENTRAL RAY: Angled 25° caudad and di- 
rected through the tragus to the center of 
the film. 


PRECAUTION: See Precaution, figure 10-84. 


VARIATIONS: The Law lateral projection 
may be requested in place of the Schiiller. 
This projection is obtained with the angled 
15° caudad and 15° toward the face, other 
factors remaining the same as for the 
Schiiller. If a Bucky is used, rotate the face 
downward so that the median plane of the 
skull forms a 15° angle with the table top. 
The CR is then .angled 15° caudad and direct- 
ed to the center of the film through the tra- 
gus of the side nearest the film. 


NOTE: Some radiologists will wish to have 
the auricle of the ear of affected side taped 
forward for these projections. 
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ANATOMICAL: Mastoid tip, petrous ridge. 


USE: With lateral (Schiller) projection for 
basic study of mastoid. Both sides should 
always be exposed (at least on initial exami- 
nation). 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient supine, head resting on 
caudally inclined 15° angle board. Align in- 
fraorbitomeatal plane perpendicular to film. 


Figure 10-87. Mastoid, Hicke: Ol iges), 


IOML 





CR 


MEDIAN 55° 





Rotate head away from side under study so 
that the median plane forms a 55° angle to 
the plane of the film. Tragus of side farthest 
away from film to center. 


CENTRAL RAY: Perpendicular to table and 
centered to film. 


PRECAUTION: See Precaution, figure 10-84. 


VARIATION: Similar results can be 
achieved without using an angle board if the 
CR is angled 15° caudad and directed 
through the tragus to center of film. 
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ANATOMICAL: Mastoid antrum, petrous 
ridge, internal acoustic meatus. 


USE: Basic projection for individual petrous 
portions (right or left) of temporal bones. 
Both right and left obliques are taken for 
comparison. Side nearest film is side of 
study. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient prone. Arm of side to be 
examined extended alongside of body; other 
hand in front of face. Rest head on nose, 
cheek, and forehead. Align infraorbito- 
meatal line perpendicular to film. Rotate 


median plane to form a 45° angle with the 
film. 
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INFRAORBITOMEATAL 
PERPENDICULAR 





CR 
MEDIAN 45° 





CENTRAL RAY: 12° cephalad passing 
through a point 1 inch anterior to tragus of 
ear of side nearest film to center of film. 


PRECAUTION: See Precaution, figure 10-84. 


NOTE: The fronto-occipital cranial (Cham- 
berlain-Towne) projection (figure 10-78) pro- 
vides an excellent oblique view of the entire 
petrous portion. In some clinics, it may be a 
part of the basic petrous survey, while in 
others it may be taken as a supplementary 
projection. 


VARIATION: If necessary, an AP oblique 
(Arcelin) projection may be substituted for 
the Stenvers oblique. The Arcelin is the re- 
verse of the Stenvers but produces similar 
results. The Arcelin oblique is obtained with 
the patient supine; infraorbitomeatal line 
perpendicular to film and median plane at an 
angle of 45° to the film. CR angled 10° caudad 
through a point 1 inch anterior and 1 inch 
superior to tragus of ear of upper side 
(which is the side of study) to the center of 
the film. 


Figure 10-88. Petrous Portion, Stenvers (Oblique). 
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ANATOMICAL: Mastoid cells, mastoid an- 
trum, the carotid canal, and the internal and 
external acoustic canals. 


USE: Supplements basic projection for 
study of the petrous and mastoid portions. 
Both sides are taken for comparison. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient supine. Adjust infraor- 
bitomeatal line perpendicular to film. Rotate 


Figure 10-89. Petrous Portion, Mayer (Axial). 
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face toward side of study until median plane 
of the head forms a 45° angle with the film. 


CENTRAL RAY: Angled 45° caudad and di- 
rected through the tragus of the ear nearest 
the film (which is the side of study) to the 
center of the film. 


PRECAUTION: See Precaution, figure 10-84. 


NOTE: The Bowen-Hirtz cranial projection 
(figure 10-79) provides a symmetrical projec- 
tion of the petrous portion and is sometimes 
requested additionally. 
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NOTE: Studies of the sella turcica generally 
include a lateral and an AP or a PA projec- 
tion. The choice of AP or PA projection de- 
pends upon the specific part of the sellar 
area that the radiologist desires to visualize. 
The three projections herein described may 
be used, as needed, to demonstrate the specif- 
ic structures indicated. An 8 X 10 inch film 
placed lengthwise is used in each case. 


LATERAL (see B and C): Demonstrates lat- 
eral view of the sellar region of the cranium. 
Position the patient as for the lateral crani- 
al projection. Center a point 1 inch anterior 
to the external auditory meatus and 1 inch 
superior to the orbitomeata! line to the cen- 


Figure 10-90. Sella Turcica. 


ter of the film. Direct CR perpendicularly to 
center of film. See line drawing A 1. 


AP (see D and E): Demonstrates posterior 
clinoid processes and the dorsum sellae pro- 
jected obliquely within the shadow of the 
foramen magnum. Position the part and an- 
gle the CR as for the Chamberlain-Towne 
cranial projection (modified). Direct the CR 
through midpoint of a line connecting the 
external auditory meatuses to the center of 
film. See line drawing A 2. 


PA (see F and G): Demonstrates anterior cli- 
noid processes and the dorsum sellae project- 
ed obliquely within the shadow of the fora- 
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men magnum. Position the part as forthe PA line connecting the external auditory mea- 


cranial projection. Angle the CR 30° Cephal- — tuses to the center of film. See line drawing A 
ad, and direct it through the midpoint of a _ 3. 


Figure 10-90. Continued. 
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NOTE: a. The Water’s position is used as the 
basic projection in general survey studies of 
the facial bones, and stereoscopic films are 
frequently made. Lateral or oblique projec- 
tions may be added upon request; these may 
also be accomplished stereoscopically. (The 
projections which are designed to provide 
more detailed demonstration of the individu- 
al facial bones are described separately). 

b. In making the projections, use a 10 X 12 
inch film placed lengthwise. The identifica- 
tion data may be placed on either lateral 
border. 


WATERS (see B): The Water’s facial bones 
projection is obtained with the patient, part, 
and CR positioned exactly as described for 
the Water’s sinus (prone) position. See line 
drawing A 1. 


LATERAL (see C): Position the head as for a 
lateral projection of the cranium. Extend the 


Figure 10-91. 
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chin until the acanthiomeatal line is parallel 
to the lower border of the film holder. Center 
the midpoint of the acanthiomeatal line to 
the center of the film, and direct the CR per- 
pendicularly to the center of the film. See line 
drawing A 2. 


PA OBLIQUE (RHESE) (see D): This projec- 
tion is obtained as described for the Rhese 
optic foramen position, with the exception 
that the midacanthiomeatal line of the side 
under study is centered to the film. See line 
drawing A 3. 
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ANATOMICAL: Complete mandible, with 
emphasis on the rami. 





USE: With lateral projection for basic study 
of the mandible. 


FILM: 8 X 10 inch, lengthwise. 
IDENTIFICATION: Either lateral border. 


POSITION: Patient prone; nose and fore- 
head resting on table top; hands in a com- 
fortable position alongside of head. Adjust 
the head so that the median plane is perpen- 
dicular to and over the center line of the ta- 
ble and the orbitomeatal line is perpendicu- 
lar to the table top. The midpoint of a line 
connecting the angles of the mandible is cen- 
tered to the film. 


Figure 10-92. Mandible, PA. 
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CENTRAL RAY: Perpendicular to center of 
film. 


PRECAUTION: Before positioning the pa- 
tient make sure that dentures, earrings, 
eyeglasses, and necklace have been removed. 


VARIATION: A better PA demonstration of 
the body of the mandible can sometimes be 
obtained by having the patient position as 
above but with the nose and chin resting on 
the table top, thereby decreasing the dis- 
tance between the part and the film; other 
factors remain the same. 


NOTE: The conventional PA and the varia- 
tion can be made with the patient in the up- 
right position, if necessary. 
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ANATOMICAL: The ramus, body, and lower 
Vd of the side of the mandible nearest the 
lm. 


USE: With PA projection for basic study of 
the mandible. Initial studies of the mandible 
should include lateral projections of both 
sides. 


FILM: 8 X 10 inch, crosswise. 


IDENTIFICATION: Lateral border, anterior 
to the part. 


POSITION: Patient supine; head resting on 
the film holder which is supported on two 
small sandbags placed side by side. Rotate 
the trunk obliquely toward the side of study 


Figure 10-93. Mandible, Lateral. 


so as to bring the median plane of the head 
parallel to the film surface; adjust the height 
of the film holder, if necessary. Extend the 
patient’s chin until the inferior margin of 
the body of the mandible is parallel with the 
lower margin of the cassette. Center the 
body of the mandible to the lower half of the 
cassette. 


CENTRAL RAY: Angle 30° cephalad and di- 
rect it to the center of the film, taking care to 
see that the elevated shoulder is not in the 
path of the CR. 


PRECAUTIONS: Before positioning the pa- 
tient make sure that dentures, earrings, 
eyeglasses, and necklace have been removed. 


1 August 1974 
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ANATOMICAL: Entire side of mandible 
nearest to the film; or segments of the mandi- 
ble, as specified in the description of each 
variation. 


USE: As needed, in addition to or as a substi- 
tute for the basic lateral projection. Films 
can be taken with the patient upright, prone, 
or supine. 


FILM: 8 X 10 inch, crosswise. 


IDENTIFICATION: Lateral border, anterior 
to the part. 


UPRIGHT POSITION: Two methods are de- 
scribed, each of which provides a demonstra- 
tion similar to that obtained with the basic 
lateral projection (figure 10-93). 
Upright——part and film angulation (A): 
This position is utilized when the patient 
cannot assume a recumbent position; and in 
some clinics, it may be the position of choice 
for the basic lateral projection. The patient 
is seated in a true lateral position next to a 
wall, cassette changer, or other vertical sur- 
face. Place the film holder against the side of 
the patient’s head, and tilt the head and film 
laterally so that the top edge of the holder 
rests against the vertical support at an an- 
gle of 30°. Adjust the head so that the median 


Figure 10-94. Mandible, Lateral (Variations). 
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plane is parallel with the film surface. The 
central ray is directed horizontally to the 
center of the film. All other factors are the 
same as for the basic lateral projection (fig- 
ure 10-93). 

Upright——part angulation (B): This pos- 
ition is used principally for patients having 
external mandibular fixation devices that 
would interfere with the routine part and 
film contact. The patient is seated in a true 
lateral position with the shoulder pressed 
firmly against an upright table or a portable 
upright Bucky. Tilt the patient’s head later- 
ally until the cranium is resting against the 
table top; then adjust the head so that the 
median plane forms a 30° angle with the ta- 
ble surface. The midpoint of the body of the 
mandible of the side of study is centered to 
the film. The CR is directed horizontally to 
the center of the film. 


PRONE POSITION (C): This projection 
emphasizes the body of the mandible. It is 
used as needed, but only when the patient is 
able to tolerate pressure on the affected 
part. The patient is placed in the prone posi- 
tion. The edge of the film holder nearest the 
patient’s feet is elevated on sandbags so 
that the surface of the film forms a 15° angle 
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with the table top. Turn the patient’s head so 
that the affected side is against the film hold- 
er. Then rotate the head so that the body of 
the mandible is centered to and in contact 
with the film. The CR is angled 20° cephalad 
and directed to the center of the film. 


SUPINE POSITION (D): This projection 
demonstrates as much as possible of entire 
side of the mandible. It is used in place of the 
basic lateral projections when the patient is 
unable to rotate the trunk or neck. With the 
patient in the supine position, place the ver- 
tical film holder against the side of study so 


Figure 10-94. Continued. 
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that it is parallel to the median plane of the 
head. If possible, extend the patient’s neck so 
that the inferior border of the mandible is in 
a vertical plane. The midpoint of the body of 
the mandible is centered to the lower half of 
the cassette. The horizontal CR is angled 30° 
cephalad and directed to the center of the 
film. (If the patient’s shoulders and chest are 
in the path of the CR, it should be angled 
downward in the degree required to secure a 
clear unobstructed demonstration, and then 
recentered.) 


PRECAUTION: See Precaution, figure 10-93. 


' 
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ANATOMICAL: Mandibular symphysis and 
lower incisors. 


USE: Supplementary projection to show lat- 
eral or mesial displacement of fragments in 
cases of fracture of the mandibular sym- 
physis. 


FILM: Occlusal, lengthwise. 


IDENTIFICATION: “R” or “L” marker only, 
taped onto one corner of the film packet. 


POSITION: Patient supine, pillow under 
shoulders. Neck extended as far as possible, 
head resting on the table and adjusted so 
that the median plane is vertical. Place oc- 
clusal packet or occlusal cassette into the 
mouth so that it extends 1 cm beyond the 
lower lip. Have the patient close his mouth, 
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exerting slight pressure on the film holder to 
maintain it In place. 


CENTRAL RAY: The tube is inclined at 
whatever angle is required to make the CR 
perpendicular to the center of the film. 


VARIATION: This projection can also be 
used in studies of the submaxillary and sub- 
lingual salivary glands. 


NOTE: The Bowen-Hirtz cranial projection 
(figure 10-79) provides an excellent inferosu- 
perior demonstration of the entire mandible; 
it may be preferred to the occlusal-film meth- 
od which has a rather limited field. However, 
with the occlusal-film procedure there is min- 
imal distortion of the symphysis with no 
super-imposition of other structures. 


Figure 10-95. Mandible, Symphysis (Inferosuperior). 
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LATERAL (A): This projection is used for 
the basic study of the temporomandibular 
joint. It is obtained in the same manner as 
the Schuller mastoid projection except that 
no support is used under the chin. Two later- 
al views are made, one with the mouth 
opened as widely as possible--the other with 
the mouth closed. In addition to the regular 
identification data, an “O” or “C” marker 
(“Open” or “Closed’’) should be included to 
indicate the position of the mouth for each 
exposure. Both sides are taken for compari- 
son, on initial examination. 


AP (B): This is a supplementary projection 
in which both condyles are demonstrated 
with one exposure; it 1s especially helpful in 


Figure 10-96. 


establishing the extent of fractures in the 
condyles of the mandible. It is obtained in 
the same manner as the Chamberlain-Towne 
cranial projection except that the CR is di- 
rected through the midpoint of a line con- 
necting the external auditory meatuses to 
the center of the film. 


PA (C): This projection provides a view simi- 
lar to that obtained with the AP projection, 
and is used for the same purpose. The proce- 
dure is the same as for a PA cranial projec- 
tion except that the CR is angled 30° cephal- 
ad and directed through the midpoint of a 
line connecting the external auditory mea- 
tuses to the center of the film. 


Mandible, Temporomandibular Joint, Lateral, AP and PA. 
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ANATOMICAL: Temporomandibular joint 
and condylar process. 


USE: Supplementary projection to demon- 
strate the condylar process as seen obliquely 
through the orbit. Both sides are taken for 
comparison. 


FILM: 8 X 10 inch, lengthwise. 


IDENTIFICATION: Re-exposed, top center 
of film. 


POSITION: Patient supine; infraorbito- 
meatal line perpendicular to table top. Ro- 
tate the head toward side of study so that 
the center of the orbit nearest the film is 


Figure 10-97. Mandible, Tem rs 
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placed over the midline of the table and in 
the same vertical plane as the lower condy- 
lar process. With this adjustment the median 
plane of the head should form an angle of 
approximately 70° with the table top. 


CENTRAL RAY: The CR is inclined at an 
average angle of 30° toward the feet and is 
directed through the inner upper margin of 
the orbit nearest the film; this projects the 
condylar process to the center of the film. 


PRECAUTIONS: See Precautions, figure 10- 
93. 


NOTE: Have patient open mouth to maxi- 
mum limit while exposure is being made. 


~ mandibular Joint, Norgaard (Modified). 


10-106 AFM 160-30/TM 8-280/NAVMED  P-5119 _—‘1 August 1974 ( 





ZYGOMA (MALAR): Water’s and Rhese fa- 
cial bones projections, either stereoscopi- 
cally or singly, are recommended for basic 
study of the malar bone. 


ZYGOMATIC ARCHES——BOTH SIDES 
aa ea WITH ONE PROJEC- 
TION: 

a. Position the body and head of the pa- 7 
tient as for the submentovertical (Bowen- ' 
Hirtz) cranial projection. Center the median 
plane of the skull at the midpoint of the in- 
fraorbitomeatal line to the center of the film. 

The accompanying radiograph illustrates | 
this projection. | 

b. The Chamberlain-Towne cranial posi- | 
tion also provides an excellent oblique view | 
of both arches with one projection. Position | 
the body and head of the patient as for the | 
Chamberlain-Towne cranial projection. Cen- 
ter the median plane of the head to the center 
of the film and direct the CR through the 
midpoint of the orbitomeatal line to the cen- 
ter of the film. 


ZYGOMATIC ARCHES——ONE SIDE AT A 
TIME: Position the patient as for the Bowen- 
Hirtz cranial projection. Adjust the median 
plane of the skull to form a 75° angle with 
the film, and direct the CR through the mid- 
point of the arch nearest the film. Both sides 
are taken for comparison, employing 6” 
fields. See line drawings. 





Figure 10-98. Zygoma (Malar) and Zygomatic Arches. 
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SUPEROINFERIOR NOSE--sometimes 
called vertical nose (A): This projection is 
accomplished with the patient seated; medi- 
an plane and facial line vertical. Occlusal 
film lengthwise in mouth, extending 1 cm 
beyond end of nose. The CR is directed per- 
pendicularly to film and in same path as the 
facial line. Measure part-thickness from the 
glabella to the acanthion. A radiograph 
made in this position is shown in B. (This 
projection may also be taken with the pa- 
tient supine.) 


WATER’S NOSE: This projection is obtained 
in essentially the same way as the Water’s 
sinus except that the midpoint of the nasal 
bones (instead of the acanthion) is centered 
to the film. 
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LATERAL NOSE: The lateral! nose (right 
and left) projections are obtained in essen- 
tially the same way as the lateral sinu's ex- 
cept that the midpoint of the nas3al bones (in- 
stead of external canthus) is cei1tered to: the 
film (see C). Usually, both sides are exposed 
on one crosswise 8 X 10 inch film, with or 
without mask fields. A radiogreiph made in 
this position, is shown in D. The identifica- 
tion data is re-exposed at top of film and 
must include the letters R and I. correctly 
placed above their respective fielals. 


NOTE: Lateral projections are re zommended 
for basic study of the nose. In questions of 
lateral or AP displacement of frac:ture frajz- 
ments, a superoinferior and :1 Wate:’’s 
projection are taken in addition ito the two 
laterals. 


10-108 
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MODIF'[ED W/ATER’S: For basic study of 
the maxilla use the Water’s sinus position, 
modified to heive the nose as well as the chin 
in contact with film holder. The acanthion is 
center ed to thie film. The CR is directed to the 
cente): of filrn in a plane parallel to orbito- 
meatal line. See line drawing C and radi- 
ogra'jh F. 


SUP EROIN]FERIOR (A and B): 


USE: To dernonstrate maxillary dental arch 
and hard pa. late. 


FIL.M: Occltisal, film, crosswise. 


IDIENTIFIC ATION: R and L markers in ap- 
propriate c orners. 


POSITION : Patient seated. Median plane 
vertical; acanthiomeatal line horizontal. 
O«clusal fi |m crosswise in mouth, extending 1 
cri beyond upper teeth. 


Fi cure 10- 100. 





ae 
-~ >. 





ti 


CENTRAL RAY: Directed to center of film in 
a path parallel to facial line. 


ADDITIONAL: Measure part-thickness 
from vertex to maxillary incisors. 


VARIATIONS: (1) Anterior part of hard 
palate. Position patient and part as for the 
superoinferior projection. Occlusal film 
lengthwise in mouth, extending 1 cm beyond 
upper teeth. Direct the CR to the center of 
the film so that it forms a 60° angle with film 
surface as shown in line drawing (D). 

(2) Posterior part of hard palate. Position 
patient, part, and CR as described in (1) 
above. Tilt the tube 30° toward the median 
plane as shown in line drawing (FE), and di- 
rect the CR to the center of the film. Take 
both sides for comparison, each on a sepa- 
rate film. 


Maxilla, Modified Water’s, Superoinferior. 
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Chapter 11 
CONTRAST MEDIA 


SECTION A—INTRODUCTION 


11-1. Photon Absorption. It would be difficult 
if not impossible, to produce diagnostic radi- 
ographs of arteries, veins, cavities, or pas- 
sages without special contrast media. Radi- 
ographic contrast is made possible by the 
selective absorption of X-ray photons. How- 
ever, photon absorption by a structure 
whichis surrounded by structures of equal or 
similar densities is not sufficiently selective 
to produce adequate radiographic contrast. 
In such cases where structure densities are 
similar, contrast media are used to alter the 
photon absorption and therefore produce the 
necessary radiographic contrast. Figure 11- 
1 illustrates how a contrast medium alters 
photon absorption to allow visualization of 
the stomach. Radiograph A is a plain film of 
the abdomen. The stomach is not seen be- 
cause its density is similar to the surround- 
ing structures. Radiograph B shows that the 
radiographic contrast between the stomach 
and surrounding structures has been en- 
hanced because the stomach has been filled 
mostly with a contrast medium which in- 
creased the photon absorption. Radiograph 
C shows the stomach partially filled with air. 
In this case radiographic contrast has been 
improved over the contrast on Radiograph A 
because photon absorption has been de- 
creased. 


11-2. Radiopaque and Radiolucent Contrast 
Media. Contrast media which increase pho- 
ton absorption are termed radiopaque (posi- 
tive) contrast media and are made from 
substances of high atomic numbers such as 
iodine and barium. Media which decrease 
photon absorption are classified as radiolu- 
cent (negative) contrast media and are 
substances with low atomic numbers like the 
gases. These media are sometimes referred 
to as positive and negative media; however, 
in this text they will be termed radiopaque 
and radiolucent. 


11-3. Toxicity. It should be noted that regard - 
less of atomic number, a contrast mediurn 
must be nontoxic to the patient. If, for exarn1 
ple, pure iodine or pure barium were used ‘1s 
a medium the patient would become violent ly 
ill because iodine and barium, in their nat t- 
ral states, are deadly poisons. So the tivo 
requirements for a good contrast medium 


are that it rnust change photon absorption, 
and it must; Khe relatively nontoxic. In the 
case of iodin2 and barium, low toxicity is 
obtained by, chemically combining them with 
other eleme:nt:s. 





Figure 11-1. Radiographs of the Abdomen 
Showing Selective Absorption 
of X-ray Photons. 


11-4. Grouping of Contrast Media. In this 
chapter contrast media are organized by 


11-2 


chemical makeup and usage. So media which 
are chemically similar, and those used for 
the same examination, are gr ouy ed together. 
Three examples of such grouping are oral, 
injectable, and noninjectable con trast media. 
These terms are rather general s 0 more spe- 
cific groupings will be discusse d. 


SECTION B—ALIMENTARY TIRACT RA- 
DIOPAQUES : 


11-5. Barium Sulfate Radiopaques. ' Two typi- 
cal contrast media used for ex.amining the 
alimentary tract are Barium Sulfa te U.S.P. 
and Barosperse.Since they are bziseci on bar- 
ium sulfate, they form a subgroup called 
barium sulfate preparations. The ak»brevia- 
tion U.S.P. stands for United Stzate:s Phar- 
macopeia, a listing of the acceptied stand- 
ards for compounding drugs. 

a. Barosperse, which is a barium sulfate 
derivative, is micronized and ionizeo' arid will 
stay in suspension longer than Barjiuro Sul- 
phate U.S.P. Their suspension properties 
can be demonstrated by comparing mix\:ures 
of the two preparations after they havve been 
allowed to sit for several minutes. It will be 
noted that Barium Sulfate U.S.P. settles out 
of suspension rapidly, while Barosperse cloes 
not. (Barium sulfate is not water soluble.; so 
mixed with water, it is in suspension ratier 
than solution.) 

b. Micronization is a process of griridi.ng 
things to extremely small particle size, aiid 
ionization is the application of like charges 
to all particles in an ionized medium. Sinc:e 
like charges repel, the forces of repulsio.n 
hold the smaller particles in suspensio1 
longer. Ionized media should not be preparec! 
with a mechanical mixer, metal spoon, or in a 
metal container because metal provides a 
conducting pathway resulting in neutraliza- 
tion of the charged particles. The repelling’ 
process of the particles is illustrated in fig- 
ure 11-2. 


11-6. Alternate Alimentary Tract Radio- 
paques. If a barium sulfate mixture is poured 
on a piece of cardboard, the water from the 
mixture will be absorbed, leaving a residue 
of barium sulfate particles. These particles 
would irritate the organ or lining they come 
in contact with. This could result in inflam- 
mations, adhesions, or other undesirable 
complications. Contrast media used when 
gastrointestinal perforations are suspected 
should be soluble to avoid leaving an irrita- 
ting residue. To achieve this end, pharmacéut- 
ical companies adjust the acidity of water 
soluble injectable media to nearly neutral. 
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Figure 11-2. Forces of Repulsion. 


This renders them suitable for oral use. Two 
examples are Oral Hypaque and Gastrograf- 
in. These soluble media leave no particles as 
residue. Therefore, they are used as alter- 
nates in the alimentary canal when perfora- 
tions are suspected. 


11-7. Cholecystopaques. The biliary tract is 
examined with a group of contrast media 
called cholecystopaques. These contrast 
media are chemically compounded to be 
selectively excreted, along with bile, by the 
liver. They may be oral or injectable. 

a. Oral Cholecystopaques. One example of 
the oral type of cholecystopaques is Tele- 
paque. Available in tablet form, it is pack- 
aged in foil, six tablets to the package. In- 
structions for their use are found on the 
package. The tablets are dissolved in the 
stomach and absorbed by the mucosa of the 
small intestine, specifically the duodenum 
and proximal jejunum. The portal system of 
veins carries the dissolved media from there 
to the liver. The liver then excretes the media 
along with bile. Telepaque and other oral 
cholecystopaques are employed in oral chole- 
Gc ystography. 

b. Injectable Cholecystopaques. The other 
type of cholecystopaque is injectable; there- 
fore, it is called an intravenous cholecysto- 
paque. One example is Cholografin. This 
wa ter soluble medium is compounded specifi- 
cal. ly to be excreted by the liver. Intravenous 
cho lecystopaques are used for intravenous 
cholangiography. Intravenous cholangio- 
graphy is employed to visualize the biliary 











AFM 160-30/TM 8-280/NAVMED _ P-5119 


tract when the oral method has failed in cas- 
es of poor intestinal absorption or after 
gallbladder surgery. 


SECTION C—WATER SOLUBLE RADIO- 
PAQUES 


11-8. Introduction. The largest, most versa- 
tile group of contrast media are the water 
soluble radiopaques. Made of iodine com- 
pounds, this type of media can be used in ra- 
diographic studies of the urinary system, the 
cardiovascular system, joint spaces and 
connective structures, as well as many other 
radiographic examinations. There are two 
types of water solubles—injectables and 
noninjectables. 


11-9. Water Soluble Injectables. The water 
soluble injectables are categorized into two 
groups according to their weight by volume 
concentration. Although the dividing line in 
practice is somewhat vague, those media of 
lower concentrations are used for general 
purposes, while those of higher concentra- 
tion are normally reserved for examination 
of the heart and great vessels. Weight by 
volume concentration does not refer to the 
iodine content of a particular medium, but to 
the concentration of the iodine compound. 
For example, in 100 cc’s of Renografin 60 
percent, 60 percent of the weight of the 100 
ec’s is the compound methyl-glucamine dia- 
trizoate and 40 percent of the weight is ster- 
ile water. On the other hand, the iodine con- 
tent of this medium is approximately 29 per- 
cent. 

a. Hypaque 50 percent, Conray 60 per- 
cent, and Renografin 60 percent are water 
soluble injectables of relatively low concen- 
trations. Frequently used for urographic 
studies, they are generally termed urograph- 
ic media. These media can also be employed 
in contrast examinations of joints and por- 
tions of the cardiovascular system. 

b. The more concentrated water soluble 
injectables are usually reserved for exami- 
nations of the heart and great vessels. Hy- 
paque M in 75 percent or 90 percent concen- 
trations, Angio-conray 80 percent, and Ren- 
ografin 76 percent are examples of this 
group generally titled angiocardiographic 

la. 


11-10. Water Soluble Noninjectables. The 
other kind of water soluble radiopaques are 
called noninjectables. Cystokon and Retro- 
grafin are typical examples. They are pri- 
marily used in retrograde studies of the uri- 
nary tract. These media are modified injecta- 
bles. For instance, Retrografin is essentially 
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Renografin with Neomycin, an antibiotic, 
added. Contrast media and antibiotics are 
mixed to reduce the danger of infection fol- 
lowing retrograde examinations. 


SECTION D—VISCOUS AND/OR OILY 
RADIOPAQUES 


11-11. Introduction. Ethiodol, Salpix, Panto- 
paque, and Dionosil are examples of a group 
of contrast media called viscous and/or oily 
radiopaques. 


11-12. Viscosity and Oiliness. The reason for 
the and/or is easily understood if an analogy 
is made with a jar of honey, a can of light 
lubricating oil, and a can of motor oil. The 
honey is viscous, meaning thick or resistant 
to flow, but not oily. The light oil is oily, but 
not viscous. The motor oil is both viscous 
and oily. The contrast media in this group 
have various combinations of viscosity and 
oiliness. 


11-13. Uses of Viscous and/or Oily Media. The 
bronchial tree can be studied by introducing 
Dionosil or a similar medium. Dionosil, a vis- 
cous and oily medium, is used to prevent flow 
of the contrast agent into the alveolar sacs, 
and because it is absorbed by the lungs leav- 
ing no residue. Salpix is usually used to de- 
lineate the uterus and fallopian tubes in 
hysterosalpingography. Salpix is a water 
soluble, viscous medium. Ethiodol, an oily 
viscous medium, is usually employed in the 
radiological examination of the salivary 
glands. Pantopaque which is both viscous 
and oily is used in myelography. 


SECTION E—RADIOLUCENT MEDIA 


11-14. Introduction. Alimentary tract radio- 
paques, water soluble radiopaques, and vis- 
cous and/or oily radiopaques are all classi- 
fied as radiopaque media because they in- 
crease photon absorption. Contrast media 
that decrease photon absorption are termed 
radiolucent media. 


11-15. Radiolucent Media and Their Uses. 
Oxygen, carbon dioxide, and room air are 
most often used as radiolucent media. These 
common gases are utilized in studies of the 
brain, joint spaces, and to provide double 
contrast in certain examinations. Room air, 
drawn through a sterile gauze pad is fre- 
quently used to visualize the ventricles of 
the brain in pneumoencephalography. Ra- 
diolucent media are sometimes used in ar- 
thrography. Although the contrast provided . 
this way is quite subtle, some physicians 
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prefer the radiolucent media since it causes 
less irritation and is quickly absorbed. A 
radiolucent medium is also commonly used in 
a double contrast enema to evaluate the co- 
lon for polyps. 


SECTION F—REACTIONS TO CONTRAST 
MEDIA 


11-16. Introduction. Intravenously injected 
contrast media can produce a reaction simi- 
lar to anaphylactic shock. True anaphylaxis 
is the result of hypersensitivity to a drug to 
which the patient previously was not sensi- 
tive. For example, the first time a patient 
receives penicillin he may show no side ef- 
fects; yet, following a second dose of the 
same drug, this patient may have an ana- 
phylactic reaction. This is thought to be due 
to the formation of antibodies against a 
drug. Reactions to contrast media can occur 
in patients who may or may not have had the 
particular radiopaque before. Although the 
causes of contrast media reactions seem to 
be different, the signs and symptoms of them 
are so similar that they are generally 
thought of as a variety of anaphylaxis. Bas- 
ically two types of reactions can occur fol- 
lowing the injection of contrast media. They 
are classified as histamine imbalance and 
hemodynamic. 


11-17. Histamine Imbalance Reaction. Hista- 
mine, a substance found in all humans, has 
several functions, one of which is the release 
of blood plasma through capillary walls to 
body tissue. This release of fluids produces 
swelling of tissue called edema. Histamine 1s 
held in check by a histamine inhibitor, and in 
some people the balance between these two 1s 
delicate and rather easily upset. These peo- 
ple are the unfortunate individuals who suf- 
fer from allergies such as hay fever. 

a. One of the theories about histamine 
imbalance is that iodinated contrast media 
damage the histamine inhibitor sufficiently 
to cause an overabundance of histamine. 
This imbalance causes the release of fluids 
into tissue, producing a set of distinct, easily 
recognizable symptoms. 

b. Among the signs of a histamine imbal- 
ance reaction are itching, a flushed appear- 
ance, watery eyes, faintness, hives, nausea, 
and breathing difficulties. In a mild response 
of this type, the patient may feel hot, faint, 
or nauseated. A moderate reaction mght 
evoke watering of the eyes, localized swell- 
ing especially of the face and hands, and a 
flushed appearance. In its most serious form, 
hives and breathing problems, due to swollen 
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bronchial passages, usually appear. Un- 
treated severe bronchial constriction can 
produce death by suffocation. Generally this 
reaction occurs quickly, but the technologist 
must be watchful for possible delayed reac- 
tions. 


11-18. Hemodynamic Reaction. Hemodynam- 
ics refers to the characteristics of blood ac- 
tion or flow. A hemodynamic reaction to con- 
trast media has serious effects on blood flow, 
and can result in such complications as sys- 
temic shock, myocardial infarction, and re- 
nal shutdown. 

a. Systemic shock is caused by a drop in 
blood pressure which may occur after the 
introduction of contrast media. The charac- 
teristic course is an immediate, but short 
lived increase in blood pressure, followed by 
an acute drop in blood pressure. The immedi- 
ate rise is produced by increased heart ac- 
tion; then, trying to compensate, the veins 
dilate. Because of this venous dilation, blood 
pressure drops and there is not an adequate 
return of blood to be oxygenated. If enough 
blood is retained by the veins, cardiac arrest 
can result. 

b. Myocardial infarction (the death of 
heart muscle tissue) and renal shutdown are 
thought to be the product of damage to red 
blood cells. Some investigators feel that con- 
trast media damage the cell walls of erythro- 
cytes, causing them to clump together form- 
ing clots. If enough of these clots block the 
intrarenal blood supply, renal shutdown 
occurs. Similarly myocardial infarction is 
caused by the obstruction of the coronary 
arteries. Either of these complications can 
be fatal. 

c. The symptoms of this hemodynamic 
response are a weak and barely noticeable 
pulse, paleness or cyanosis, and possibly 
even unconsciousness. Like the histamine 
imbalance reaction, this response may be 
immediate or delayed. 


11-19. Patient Histories. Reactions to con- 
trast media cannot be predicted, but many 
doctors feel that the probability of a reac- 
tion can be assessed by evaluating the pa- 
tient’s history. The radiologist should con- 
sult the patient’s medical records for a past 
history of reactions to contrast media or 
drug allergies. If he has full confidence in a 
technologist, he will probably delegate to 
him the responsibilities of explaining the 
examination to the patient and questioning 
him for clues to the possibility of a reaction. 
In such a case the technologist must use the 
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utmost tact to avoid alarming the patient. 
He should ask: 

a. Have you had this or a similar examina- 
tion before? 

b. Did you have any difficulties with the 
previous examination? If he answers in the 
affirmative, ask him 

c. Do you remember the name of the drug 
that caused your difficulties? If he answered 
no to questions a or b, ask 

d. Are you allergic to iodine? 

e. Does seafood affect you in any special 

way? 
If the patient indicates that he is allergic to 
iodine, that seafood makes him sick, or that 
he had problems during a previous examina- 
tion, the probability of a reaction is in- 
creased. Regardless of the outcome of the 
questions, the technologist should report his 
findings to the injecting physician, prefera- 
bly outside the exposure room so that the 
patient cannot hear the conversation. 


SECTION G—EMERGENCY TREATMENT 
OF REACTIONS 


11-20. Emergency Equipment. Whenever iodi- 
nated contrast media are administered intra- 
venously, emergency equipment must be 
immediately available. This equipment nor- 
mally includes an emergency tray, a cut 
down tray, and an oxygen therapy appara- 
tus. 

a. Although the exact content of an emer- 
gency tray is determined by the radiologist, 
it will include several sizes of needles, a vari- 
ety of syringes, graduated sizes of endotra- 
cheal or oropharyngeal airways, a blood 
pressure cuff, a stethoscope, a tourniquet, 
intravenous fluids, and drugs. The needles 
and syringes are used to administer the 
drugs; the airways are special tubes for 
maintaining an open air passage. The steth- 
oscope and blood pressure cuff are used to 
monitor the patient’s blood pressure and 
heartbeat. A tourniquet is needed to locate a 
vein for injections, intravenous fluids to 
raise blood pressure, and the drugs are used 
to counteract the reaction. 

b. Some of the emergency treatment drugs 
may be cardiac stimulants such as Epineph- 
rine, blood pressure elevators like Levophed, 
and antihistamines such as Benadryl. These 
are typical examples, but the radiologist 
may choose others. 

c. The oxygen therapy equipment is there 
to aid the patient’s respiration. It may be a 
Reuben (AMBU) bag (a device for pumping 
air into the patient’s lungs) or an oxygen 
bottle and mask. CAUTION: Do not attempt 
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to use this equipment unless you are specifi- 
cally trained for it. 

d. To maintain an open airway, a trache- 
otomy or cricothyroid puncture may be nec- 
essary. For this purpose cut down trays or 
cricothyroid puncture needles must be readi- 
ly available. 

e. Do not try to administer any drugs nor 
perform any operations for which you have 
not been fully trained. Such action may 
harm the patient and make you liable for 
legal action! 

f. The radiologist will specify the items to 
be used as emergency equipment, but you, 
the technologist, are responsible for its up- 
keep. Periodically check the operation of the 
oxygen apparatus. Drugs and sterile packs 
must be up to date and in good supply. If any 
items are used, they should be replaced as 
soon as possible. 


11-21. Emergency Treatment. The technolo- 
gist’s primary responsibilities are to recog- 
nize a reaction, call a physician, take neces- 
sary life-saving action, and to aid the doctor 
in treatment. During special procedures, 
using iodinated media, the technologist must 
be on guard for a reaction. Close observance 
of the patient and thorough knowledge of the 
signs of a reaction are absolutely necessary. 
Never leave the patient unattended at any 
time. 

a. In the event of a reaction, your immedi- 
ate response should be to call a doctor, pre- 
ferably the physician who made the injec- 
tion. It may become necessary to treat the 
patient for shock by turning his head to the 
side, elevating his feet, and keeping him 
warm or cool as the case warrants. 

b. In serious cases breathing assistance 
or cardiac massage may be required. Mouth 
to mouth resuscitation is the most effective 
respiratory method, and you should learn 
external cardiac massage. Above all do not 
panic. A calm, professional demeanor will 
aid in keeping the patient calm and secure. 

c. When assisting the physician, you may 
be directed to prepare drugs for injection. 
The bottle or vial from which the drug was 
drawn should be shown to the doctor when 
handing him the filled syringe. The best as- 
sistance you can give the physician is a fast 
and accurate response to his orders. Know- 
ing exactly where to find each item of the 
emergency equipment is a must! 

d. Remember that the technologist should 
not administer any drugs, use any equip- 
ment, or perform any operations for which 
he is not completely trained. 
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Chapter 12 
SPECIAL EQUIPMENT 


SECTION A—FLUOROSCOPY 


12-1. Introduction: 

a. Fluoroscopy is one of two general meth- 
ods of radiographic examination by which an 
image is produced on the fluorescent screen 
when the part to be examined is interposed 
between the energized tube and the fluoros- 
copic screen. One great difference between 
the fluoroscopic image and the conventional 
radiographic image is that the former per- 
sists only during X-ray excitation of the 
screen, thereby permitting only limited time 
for examination; whereas, the latter is a 
permanent record that can be studied at lei- 
sure. Another difference is that in the fluo- 
roscopic image the dense portions of the part 
under examination appear as dark areas on 
the screen, and the radiolucent portions as 
light areas; whereas, the reverse is true of 
the radiographic image. 

b. Fluoroscopy permits observation of 
gross physiology—that physiology con- 
cerned with motion of the heart, diaphragm, 
and alimentary tract, transport of contrast 
media through the alimentary tract, et cet- 
era—as well as of gross anatomy. The great 
value of fluoroscopy lies in the opportunity 
for correlation of anatomy and physiology, 
normal or abnormal. Added value accrues 
through the ready alteration of the patient’s 
position under fluoroscopic observation; this 
serves to localize an abnormality in relation- 
ship to other structures and to establish 
which positions will be advantageous in ra- 
diography. Furthermore, such procedures as 
progressive filling of sinus tracts or the 
bronchial tree, by contrast medium may be 
guided fluoroscopically to insure that films 
will be exposed at the proper time (that is, 
with conditions of neither imcomplete outlin- 
ing nor overfilling). 


12-2. Apparatus. The principal components 
(in addition to generator, controls, et cetera) 
required for the production and management 
of the fluoroscopic image are as follows: 

a. X-ray Tube. The X-ray tube is usually 
located under the table and is attached to the 
fluoroscopic tower. It is the source of X-ray 
for actuating the fluoroscopic screen. The 
National Committee on Radiation Protection 
and Measurements (NCRP) specifies that the 
tube-tabletop distance shall be at least 12 
inches and preferably not less than 15 inch- 
es. A distance of 15-18 inches is recommend- 


ed. The NCRP further specifies that the total 
permanent filtration in the useful beam shall 
be at least 2.5 mm aluminum equivalent. 

b. Fluoroscopic Screen. The fluoroscopic 
screen is similar to intensifying screens. It is 
composed of erystals, such as zinc sulfide, 
which, under X-ray excitation, fluoresce in 
colors and spectral characteristics (such as 
yellow-green at 5200-5600 A.) to which the 
eye is most sensitive. Light levels produced 
are within the rod cell range of vision (0.01 
millilambert or less). The screen is mounted 
beneath a sheet of lead glass. The lead glass 
not only permits visualization of the fluoro- 
scopic image but also absorbs the X-rays 
emanating from the patient, thus protecting 
the operator. 

ce. Fluoroscopic Shutters. The fluoroscopic 
shutters limit the area of the screen actuat- 
ed by X-rays. They not only reduce the area of 
irradiation but also lessen the effect of SR, 
thereby improving the quality of the fluo- 
roscopic image. NCRP specifies that the use- 
ful beam must be restricted to an area that 
is less than the lead barrier (lead glass). 
When the shutters are open to their fullest 
extent, they should leave a margin of at least 
one-fourth inch of unilluminated fluorescent 
screen with the screen at its greatest practi- 
cal distance from the tube. 


12-3. Patient, Focal Spot, Fluoroscopic 
Screen, and Shutter Relationships. Starting 
from the focal spot, the X-ray beam passes 
through the filters (inserted between the exit 
portal of the tube and the shutter), the 
“open” portion of the shutter, the tabletop, 
the patient, the grid (if used), and the fluo- 
roscopic screen, and stops at the sheet of 
lead glass (figure 12-1). In the typical fluo- 
roscopic assembly, the tube, shutter, and 
fluoroscopic screen are arranged to move 
together, in any direction, at right angles to 
the parth of the CR. The relationships of the 
tube-to-screen and of the part-to-screen dis- 
tance affect magnification and distortion of 
the image, just as in radiography. 


12-4. Technical Factors. Average machine 
setting for fluoroscopy range from 3 to 5 mA, 
and 90 to 120 kVp. Positioning for fluorosco- 
py depends upon the part to be examined and 
the patient’s condition. In general, part or 
all of chest, upper gastrointestinal, and 
bronchial fluoroscopic examinations are per- 
formed with the patient erect; colon and 
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Figure 12-1. The Relationships of the Var- 
ious Components for Fluorosco- 
py. 


myelographic examinations are made with 
the patient lying on the X-ray table. 


12-5. Dark Adaptation. The greatest single 
limiting factor in fluoroscopic usefulness is 
the relatively poor vision of the human eye 
at low brightness levels. The brightness of 
the fluoroscopic screen during a gastrointes- 
tinal examination is about 1/30,000 the 
brightness of this page with average illumi- 
nation for reading. For the eye to perceive 
such low brightness levels at all, dark adap- 
tation is necessary. Dark adaptation, in- 
creasing the eyes’ sensitivity to low bright- 
ness levels, is accomplished by excluding 
light from the eyes, usually by remaining in 
a totally dark room. Dark adaptation im- 
proves progressively after a number of 
hours spent in darkness; practically, howev- 
er, acompromise 1s struck between maximum 
dark adaptation and economical use of time, 
and wearing dark adaptation goggles for 15 
to 30 minutes is considered to provide suffi- 
cient dark adaptation. The dark-adapted 
eye’s ability to resolve two contours that are 
close together and to distinguish differences 
in density increases with any increase in 
image brightness. A better appreciation of 
the fluoroscopic images will result if bright- 
ness is increased by the use of an image in- 
tensifier. Once dark adaptation is acquired, 
it must be carefully guarded, since even brief 
exposure to light will “wash out” dark adap- 
tation. Therefore, the fluoroscopic room 
should be lightproof; any light leaks must be 
repaired. The entrance to the fluoroscopic 
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room must be light-secure; when a door is to 
be opened, those who are dark adapted 
should be warned by a knock on the door or a 
verbal admonition to “close your eyes’’. 
Lights outside the entrance to the fluoros- 
copic room should be dim and shielded so that 
their direct beam cannot shine into the fluo- 
roscopic room. The primary X-ray beam 
should be confined to areas covering the pa- 
tient, thus counteracting intense illumina- 
tion of the screen because of direct exposure 
to it (that is, without interposed part). A dim 
red light (deep red light is least effective in 
“washing out” dark adaptation) is the only 
illumination permitted in the fluoroscopic 
room between examinations or during ad- 
justments of patient or unit. 


12-6. Examination Technique. Examination 
techniques vary, not only for different types 
of examinations but from radiologist to ra- 
diologist. Each radiologist develops his own 
routine procedure for a given examination. 
All these methods require teamwork between 
the radiologist and the technologist; hence, 
each must be familiar with the routine proce- 
dure to expedite the examination. Chest fluo- 
roscopy usually precedes the gastrointestinal 
examination, and is done with the patient 
upright if his condition permits. It consists 
basically of examining the various portions 
of the chest in various positions and phases 
of respiration; a swallow of barium paste is 
used to outline the esophagus’ position. 
Upper gastrointestinal fluoroscopy 1s per- 
formed with the patient upright at first, lat- 
er horizontal. Colon studies require the pa- 
tient to be in a horizontal position. The tech- 
nologist must know when the radiologist 
wants a glass of barium mixture handed to 
the patient, when the empty glass is to be 
taken from the patient, and when the table is 
to be tilted to a different position: The radiol- 
ogist, in turn, seeks to guide the technologist 
by adhering to a routine in his examination 
and in his remarks to guide the patient. The 
technologist knows, for example, that when 
the radiologist tells the patient, “face me 
now,” that the next step will be to hand the 
patient the glass of contrast medium. The 
patient is not dark-adapted; therefore, when 
he steps into the “dark” room, he requires 
guidance. Effort must be made to allay his 
worry and fear of the examination—the pa- 
tient’s peace of mind must be assured. 


12-7. Protection. The following precautions 
should be observed: (also chapter 8). 

a. A diagnostic-type, protective tube 
housing should be used. 
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b. Distance should be utilized as a protec- distance from the source of both primary 
tive measure. Radiologic technologists must and secondary radiation accounts for the 
remain away from the fluoroscopic unit — greater radiation to the radiologist during 
whenever their services are not required in __ horizontal, as opposed to vertical, fluorosco- 
the examination. The factor of decreased py. See figure 12-2. 





Figure 12-2. Isodose Curves Showing Exposure in MR/HR Around Various Aspects of Fluo- 
roscopic Apparatus. (A) Sagittal Plane in Front of Screen. (B) Coronal Plane Laterally From 
Screen. (C) Transverse Plane Through Table. 
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c. Time (duration of exposure) should be 
kept at a minimum compatible with the com- 
pletion of the examination. For prolonged 
fluoroscopic work, it is recommended that a 
manual reset device be used to indicate 
elapsed time and to turn off the tube-ener- 
gizing circuit when the total exposure ex- 
ceeds a certain predetermined limit. This 
device should have a maximum range of 5 
minutes. 

d. The size of the field should be kept at a 
minimum to decrease the amount of SR and 
tissue irradiation. 

e. Protective devices—lead gloves and 
apron—should be worn by the radiologist 
and by the technologist who must remain 
close to the unit to perform his work. The 
lead equivalent of the apron and gloves 
should be at least 1/4 mm measured at 100 
kVp. Lead shields between the sources of 
radiation and the radiologist or technologist 
serve the same purpose. 

f. The fluoroscopic screen should be cov- 
ered with transparent (lead glass) protective 
material having a lead equivalent of at least 
1/16 inch at 100 kVp. 

g. The fluoroscopic unit must be electrical- 
ly and mechanically safe. 

h. The fluoroscopic equipment should be 
operated only by a medical officer of the de- 
partment of radiology or by a medical officer 
properly trained and authorized by the ra- 
diologist in charge to conduct fluoroscopic 
examinations. 


12-8. Spot-Film Radiography. When studying 
gastrointestinal physiology, during fluoros- 
copy, it is oftentimes desirable to record 
onto a film a particular finding. This finding 
may be transitory and capable of being visu- 
alized only by one or a few positions of the 
patient. For such occasions, it is practical to 
accomplish radiography without changing 
the position of the patient and without de- 
lay. To provide for such exposures, a spot- 
film attachment is practical. As shown in 
figure 12-3, the film (in cassette) is stored ina 
tunnel arrangement which is mounted on the 
patient’s side of the fluoroscopic screen. The 
moment the pertinent density comes into 
fluoroscopic view, the radiologist releases 
the foot (or thumb) switch; he slides the film 
into position in front of the fluoroscopic 
screen as quickly as possible, and a radi- 
ographic exposure is accomplished. Normal- 
ly, the technique factors are preset on the 
control panel according to the thickness of 
the part and the region of the body to be 
examined. In some units, the exposure is 
made with the timer, rather than the foot 
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switch; following the radiographic exposure, 
the controls must be readjusted to fluoros- 
copic limits—a load of no more than 5 mA at 
85 kVp or less. If this is not done, the fila- 
ment or target of the X-ray tube may be de- 
stroyed. 


12-9. Serialography. Modern fluoroscopic 
units incorporate automatically operated 
spot film devices which provide a virtually 
unlimited selection of spot film arrange- 
ments. With these units, the technologist 
needs only to load and unload the cassettes 
into the spot film device, and the radiolgist 
makes film position selections automatically. 
This procedure known as serialography, 
basically consists of making a number of 
exposures on a single film. It may consist of 
exposing a series of radiographs, using a 
number of films; whereby, the entire area of 
each film is exposed, or it might be accom- 
plished by limiting the area of the projected 
image so that a number of exposures can be 
recorded onto a single film. For instance, as 
shown in B, B), and Be (figure 12-3), the ex- 
posed area of the fluoroscopic screen may be 
confined to half (or even less) the area of the 
film; whereby for the first exposure, the film 
is moved in front of the nonprotected portion 
of the fluoroscopic screen so that only one 
portion of it is exposed to the radiation. Fol- 
lowing this exposure, it may be moved fur- 
ther so as to provide for exposures onto an- 
other portion, or it may be moved back into 
Its storage position, and subsequent expo- 
sures may be made as fluoroscopic findings 
indicate their value. An electrical or spring 
device is used to shift the film into the ex- 
posed “window” of its storage tunnel so that 
one or more radiographic images are pro- 
duced on the one film. 


SECTION B—IMAGE INTENSIFICATION 


12-10. Introduction. Image intensification 
relates to a method of producing fluoroscopic 
images characterized by a high level of 
brightness (for example, over 1,000 times the 
brightness produced by conventional fluo- 
roscopy). The light gain of an X-ray image 
intensifier may be defined as the ratio of 
brightness on the viewing screen of the ap- 
paratus to the brightness of a standard flu- 
orescent screen, both excited by the identical] 
intensity of radiation. One of the uses of an 
image intensifier is for doing cinefluoro- 


graphy. 


12-11. Principles of Image Intensification: 
a. The basic component used for effecting 
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Figure 12-3. Spot-Film Radiography and Ser- 
iolography. 
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image intensification is essentially a type of 
electronic tube (figure 12-4) which is used in 
conjunction with X-ray source, an electrical 
energizing and controlling system, and an 
optical system. 

b. In the main, the functional aspects of a 
typical image intensifier tube are as follows: 

(1) X-rays, having passed through the 
patient, impinge on a fluorescent element, or 
image input phosphor, at the input end of the 
image intensifier tube (A, figure 12-4). This 
fluorescent layer then emits light propor- 
tional to the X-ray beam impinging on it. A 
photoelectric layer (photocathode) (B, fig- 
ure 12-4), which is in direct contact with the 
input phosphor, emits electrons proportion- 
al to the light image produced by the fluores- 
cent layer—thereby converting the light 
image into an equivalent electron image. The 
primary reasons for the conversion of X- 
rays to light and light to electrons are that X- 
rays cannot be focused and they, by them- 
selves, cannot be amplified or accelerated. 
Once the image is converted into an electron 
image, it can be electronically amplified and 
focused. 

(2) The electrons comprising the image 
are accelerated by the accelerating and fo- 
cusing electrodes (EF, figure 12-4) to high 
speeds by the application of high voltage 
(25-30 kV) placed across the highly evacuat- 
ed tube. The photoelectron current is then 
focused by a low potential (approximately 20 
volts) on the inside metalized coating of the 
tube, so that its passes through the anode 
aperture (F, figure 12-4). 

(3) The paths of the high energy elec- 
trons (H, figure 12-4) flowing from the image 
input phosphor converge at'a point and are 
electrostatically focused on the face of the 
output phosphor (C, figure 12-4), and. a 
bright image is formed on the output phos- 
phor. The output phosphor consists of mate- 
rials similar to the front of the ordinary tele- 
vision picture tube that will give off light 
when struck by high energy electrons. This 
conversion of electrons to light is necessary 
for visualization of the image. 

(4) The total amount of image intensifi- 
cation or total gain is based on electronic 
intensification and minification. By applying 
a high positive voltage (25 to 30 kV) to the 
accelerating electrodes, kinetic energy is 
added to the electrons emitted by the photo 
cathode. This accounts for a gain in light 
intensity of approximately 35 to 45 times. 
Minification is determined by the ratio of 
the input phosphor to the output phosphor. 
For example, if the input area of a 9 inch 
diameter tube is 9 by 9 inches or 81 square 
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inches and the output diameter of this same 
tube is 1 inch, the minification factor is 81:1. 
The total intensification or total gain is 
equal to the amount of electronic intensifica- 
tion multiplied by the minification factor. A 
tube having an electronic intensification of 
40 and a minification factor of 81 would have 
a total gain of 3,240; meaning the manufac- 
turer guarantees that the image is at least 
3,000 times brighter than a_ fluorescent 
screen excited with the same amount of ra- 
diation. 

(5) A lens system (D, figure 12-4), which 
is actually part of the viewing system (see 
paragraph 12-12b), collects and collimates 
the light emitting from the output phosphor. 

c. Image intensifiers are rated at 5, 8, 9, 
and 11 inches. This does not relate to field 
size covered, but to the diameter of the input 
phosphor. The 8- and 9-inch image intensi- 
fiers are preferred for fluoroscopy and/or 
cinefluorography. Another development is 
the dual field tube. In effect, it provides a 6- 
or 9-inch input phosphor at the same time so 
that the fluoroscopist may use either the 6- 
or 9-inch mode at will. By changing the fo- 
cusing voltages the minification factor is 
changed. When using the 6-inch mode, the 
center 6-inch of the 9-inch input phosphor is 
transmitted to the same size output phos- 
phor as used for the 9-inch mode. Since the 
input/output ratio is 6:1, the image will be 
enlarged; but part of the amplification is 
also lost. This image enlargement pertains 
only to the dual field tube. Standard image 
tubes amplify the intensity of the light im- 
age but do not enlarge it. 


12-12. Basic Operational Considerations: 

a. Installation. A typical image intensifier 
unit (figure 12-5) is usually supported and 
counterbalanced by an overhead traveling 





Figure 12-4. Image Intensification Tube. 
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crane, which allows easy maneuverability. 
To set up for the procedure, the intensifier 
unit is moved into position and attached (by 
appropriate locking devices) to a conven- 
tional fluoroscopic assembly from which the 
regular fluoroscopic screen has been re- 
moved. After the necessary connections and 
adjustments have been made, image intensi- 
fied fluoroscopy (or cinefluorography) can be 
accomplished. The X-ray table unit may be 
tilted as for conventional fluoroscopy (figure 
12-6). 





Figure 12-5. Image Intensifier Unit. 


b. Viewing. The image intensifier tube 
creates a fluoroscopic image which is many 
times brighter than a conventional fluoros- 
copic screen, but this image is too small to be 
of value. Therefore, a means of magnifying 
and viewing the image is necessary. 

(1) An efficient magnification and view- 
ing system should meet the following re- 
quirements: 

(a) Enlarge the part to approximately 
life size or greater. 




















Figure 12-6. Image Intensifier Unit in Posi- 
tion for Vertical Fluoroscopy. 


(b) Provide an image for both eyes 
simultaneously (binocular). 

(c) Place minimum restrictions on the 
user. 

(d) Not degrade the resolution of the 
image. 

(e) Not degrade the contrast of the 
image. 

(f) Provide viewing for two or more 
people simultaneously. 

(¢) Efficiently gather the light gener- 
ated at the output phosphor. 

(2) The present methods of magnifying 
and viewing the intensified image are televi- 
sion (section D) and the periscope. A well de- 
signed periscope meets most requirements. 
The image is transmitted from the small 
output phosphor of the intensifier through a 
system of mirrors and lenses to the viewing 
device. During transmission, the image is 
magnified so that in final viewing it appears 
as large as the input phosphor image. How- 
ever, observation of the image is limited to 
one individual. 

(3) A specially designed consultation 
mirror permits two people to observe the 
image simultaneously; but at best, this is a 
poor compromise. With a consultation mir- 
ror the position of the observers is critical; 
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as a consequence, neither is able to see the 
image to its best advantage. 


(4) To permit TV monitors, cine camer- 
as, or video tape recorders to be used with an 
image intensifier, a beam splitting device is 
used. It is made of plate glass which is coated 
with a special layer that reflects part of the 
incident light and allows the remainder to be 
transmitted. The beam splitter channels the 
image to different devices; therefore, intensi- 
ty of each image is reduced. To maintain the 
same light intensity, the technique must be 
increased, which will result in increased pa- 
tient exposure. If only one medium of visuali- 
zation is used, the beam splitter can be 
moved out of the way. 


(5) Viewing is usually best done in sub- 
dued room light. Dark adaptation is not 
normally subjected to extremely bright light 
for some time (10-20 minutes) prior to the 
examination. Eye-to-viewing mirror distance 
should be from 10 to 15 inches. 

c. Focusing. Focus depends upon the volt- 
age applied across the electrodes of the im- 
age intensification tube. Poor electrostatic 
focus may cause unsatisfactory image de- 
tail. Focus may be checked by observing the 
resolution obtained from a suitable test ob- 
ject, such as an area of fine-meshed wire. The 
resolution capability of an image tube is a 
measure of its ability to show physiological 
detail. To do so, it must depict discrete paral- 
lel lines of equal width, spaced by an amount 
equal to the width of each line. These are 
called line pairs, consisting of one black line 
and one space. To perceive the border of a 
certain area, this border must be darker or 
lighter than its surroundings. The contrast 
between two areas must have a certain mini- 
mum value to be visible by the human eye. 
The contrast amplification of the image tube 
is unit, which means that the contrast of the 
image is not improved. If greater contrast is 
desired, contrast media are used to increase 
the contrast. 

d. Kilovoltage and Milliamperage. These 
factors depend on the size and density of the 
subject under examination and on the level 
of image brightness desired. Kilovoltages 
ranging from 70 to 120 kVp at an X-ray cur- 
rent of 1/2 to 1 mA are commonly used. Insuf- 
ficient current (mA), especially when high 
kVp is used, may cause the image to lack 
definition and appear grainy. When this 
image is viewed in motion, a coarse mottling 
effect is apparent in the image. This is the 
result of scintillation or “quantum noise,” 
and it occurs when the level of X-radiation 
falls below a given minimum. In other words, 
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there is a level of radiation below which an 
image of good quality cannot be obtained. 
The quantum noise in the intensified image is 
inversely proportional to the number of X- 
ray photons absorbed in the fluorescent lay- 
er of the input phosphor within the integra- 
tion time of the human eye, which is approxi- 
mately 0.2 second. (NOTE: During fluorosco- 
py the radiation dose necessary to create an 
image must be delivered during the integra- 
tion or recognition time of the eye, while dur- 
ing cinefluorography the radiation required 
to create the image must be delivered during 
the exposure time for each frame of the mot- 
ion picture.) 

e. Image Brightness Control. The level of 
image brightness, in the majority of image 
intensifiers, is governed largely by appropri- 
ate variation of either the kVp or mA. Most 
image intensifiers are equipped with an aux- 
iliary device which automatically maintains 
an image brightness at a selected level. 
However, in some cases, a manual device is 
used. 


(1) Automatic Brightness Control: 

(a) The automatic brightness control 
may be compared to the phototimer as used 
in diagnostic radiography for maintaining 
film density. In order to function, the auto- 
matic brightness control first requires a sig- 
nal that is proportional to the brightness of 
the output phosphor of the image intensifier 
tube. This signal may be obtained in several 
ways. One method is to bleed off a small por- 
tion of the available light from the output 
phosphor through the use of a mirror to a 
photo tube, which produces the signal. An- 
other method is to utilize the variations in 
the electron beam current in the image inten- 
sifier tube proper. 

(b) The signal is balanced against a 
reference voltage which establishes the 
brightness level of preference. If the signal 
is less than a reference voltage, or if the sig- 
nal is greater than the reference voltage, the 
amplifier differentiates between these volt- 
ages, In that one indicates an increase in 
brightness is required, whereas the other is 
decreased in brightness. The amplifier ac- 
tuates a control which, when more bright- 
ness is needed, increases the kVp or mA out- 
put of the X-ray tube and when less bright- 
ness 1s needed decreases the kVp or mA. A 
brightness indicator is usually incorporated 
with the brightness control, and the indica- 
tor is used as a guide in establishing cine- 
fluorographic technique factors. 

(c) One of the features Incorporated in 
some automatic brightness controls is a se- 
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HOLD, FAST, and SLOW. On the MANUAL 
position, the automatic brightness control is 
disconnected from the circuit. On the HOLD 
position, the automatic brightness control is 
in the circuit, and functions for the first few 
seconds in the case of a cinecamera hookup. 
It brings the image to the brightness as de- 
termined by the reference voltage and locks 
at that point, having no further effect upon 
the brightness. The FAST and SLOW posi- 
tions are the truly automatic positions in 
that the control continues to monitor the 
brightness of the image intensifier tube and 
changes the brightness so that it remains 
constant even though the image intensifier is 
scanning an anatomical region of varying 
density. The terms FAST and SLOW refer to 
the response times to the changes in bright- 
ness, in that when set on FAST the unit will 
compensate quite rapidly for changes in 
brightness; whereas, when set on SLOW it 
will not. 

(2) Manual Brightness Control. The 
purpose of the manual brightness control is 
to enable an assistant (for example, X-ray 
technologist) to maintain image brightness 
at the pre-selected level. It, too, requires a 
signal that is proportional to the brightness 
of the output phosphor of the image intensi- 
fier tube. This signal iiay be obtained in the 
ways described in (1) above. Once obtained, 
the signal is utilized to indicate relative 
brightness through a pointer on a meter. 
This meter is usually calibrated in arbitrary 
units which may be related to brightness. 
Since the brightness meter is normally locat- 
ed adjacent to the X-ray control, it is possi- 
ble for the X-ray technologist to maintain 
the meter at the pre-selected value by man- 
ually adjusting the X-ray tube mA or kVp. 
For example, should the radiologist deter- 
mine that a reading of 40 on the arbitrary 
scale will provide the brightness producing 
the optimum end result, the technologist 
then makes the necessary adjustments to 
maintain a reading of 40 during the examina- 
tion. 


12-13. Duties and Responsibilities of the 
Technologist: 

a. The technologist’s duties and responsi- 
bilities in the performance of image-intensi- 
fied fluoroscopy and cinefluorography are 
much the same as for conventional fluoros- 
copy and for the other special procedures. 
Radiation hazards do exist, and the technolo- 
gist must be just as eareful and take the 
same precautions as for ordinary fluorosco- 
py. | 
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b. To function efficiently as a member of 
the team, he must have a practical under- 
standing of the equipment and its use and of 
the technical mechanics of the procedure. 
For this reason, it is very important that a 
technologist who is to assist in image-inten- 
sification work should study the manual of 
instructions that comes with the unit; and 
also read any additional literature provided 
by the manufacturer (or available in the 
hospital library). With this knowledge he 
will be better prepared to carry out the ra- 
diologist’s orders. 

c. Particular emphasis is placed on the 
care and handling of image-intensifier units, 
for they are very costly and complex elctron- 
ic devices. 


SECTION C—CINEFLUOROGRAPHY 


12-14. Introduction: 

a. Without the use of an image intensifier 
the radiation dosage to the patient is, in 
most cases prohibitively high; when an im- 
age intensifier is used, cinefluorograms (X- 
ray motion pictures) can be taken with ra- 
diation levels within the tolerance of the pa- 
tient’s condition. 

b. Image-intensified cinefluorography (u- 
sually shortened to “cine’’) is of value in the 
study of the swallowing function, speech 
disorders, and joint motion and in the ap- 
praisal and evaluation of anatomical and 
functional abnormalities of the esophagus, 
certain well-defined areas of the alimentary 
tract, the heart, and the lower urinary tract. 
It is most. helpful in the case of contrast 
studies of the heart and great blood vessels 
(cineangiocardiography). 

c. The basic components for cinefluoro- 
graphy are as follows: 

(1) Source of X-rays. 

(2) An absorber (patient). 

(3) Fluorescent element (input phos- 
phor(. 

(4) Intensification device. 

(5) Intensified image (on output phos- 
phor). . 

(6) Optical system. 

(7) Film recording system (motion-pic- 
ture camera). 

(8) Exposure timing and synchronizing 
device. 


See figure 12-7 for a diagram of a cinefluoro- 
graphic unit, with mirror viewing, and figure 
12-8 for the unit using television viewing. 
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Figure 12-7. Diagram of a Cinefluorographic 
Unit Using a Mirror-Type View- 


ing System. 
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Figure 12-8. Cinefluorographic Unit Using a 
Television Monitor. 


12-15. Motion-Picture Camera: 

a. General. The motion-picture camera is 
fundamentally a lightweight box equipped 
with a mechanical system for moving a suit- 
able strip of film intermittently at variable 
speeds behind a lens system. For cinefluoro- 
graphy, the image intensifier tube and opti- 
cal system are used with the exception that 
the motion-picture camera must be placed in 
a position where it will receive the image 
from the image intensification tube output 
phosphor. In so doing, a part of the mirrors 
and lenses used for optically viewing the 
fluoroscopic image are not utilized by the 
camera. Generally, a mirror 1s used to deflect 
a portion of the light to the camera (approxi- 
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mately 85-95 percent) and to the optical 
viewing system approximately 5-15 percent) 
so that the radiologist may view what Is 
being photographed. Since the intensity of 
X-radiation is increased during cinefluoro- 
graphy (as compared to direct viewing of the 
image), the 5 to 15 percent of the light from 
the output phosphor available for viewing 
purposes is quite adequate. When the radiol- 
ogist wishes to do fluoroscopy and not use 
the motion-picture camera, a sliding full- 
reflecting mirror is moved into position so 
that all the light is reflected to the viewing 
mirror. 
b. Lens: 

(1) The lens of the motion-picture cam- 
era 1s mounted in a tandem relationship with 
respect to the objective lens of the image in- 
tensifier (their optical axes coinciding). The 
objective lens is focused on the output phos- 
phor of the intensifier tube and produces a 
beam of parallel light. The lens of the mot- 
ion-picture camera is focused at infinity to 
convert this beam of parallel light to an 
image at the focal length of the lens, which is 
the plane of the motion-picture film. The size 
of the output phosphor of the image intensi- 
fier tube is made to correspond to the availa- 
ble size of the motion-picture film by the 
choice of lenses utilized. The 35 mm film has a 
picture, or frame size, of 18 X 24 mm, while a 
16 mm film has a frame size of 7.5 X 10.5 mm. 
The focal length of the objective lens and the 
motion-picture camera lens determines the 
frame coverage when considering a given set 
of conditions such as occurs when filming the 
output phosphor of a given image intensifier. 
Frame coverage can be determined from the 
following formula: 


Output phosphor size = 


Objective lens focal length 


Frame coverage 


Camera lens focal length 


(2) The camera lens is normally selected 
for its focal length, speed, and high resolv- 
ing power. The focal length of a lens relates 
to the distance from the optical center (the 
point, usually within a lens, at which the 
light rays cross) to a film plane when focused 
at infinity. The speed or light-gathering 
power of a lens relates to the amount of light 
reaching the sensitive film surface through a 
given lens. All other factors being constant, 
the speed of a lens varies according to the 
area of the lens aperture. There are two ba- 
sic factors which control lens speed: 

(a) The Diameter of the Lens Aper- 


ture. The ameunt of teht transmitted 
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through a circular aperture is proportional 
to the area of the aperture, and the areas of 
any two circles are proportional to the 
square of their respective diameters. For 
example, a lens aperture 20 mm in diameter 
will transmit four times the amount of light 
than a lens aperture of 10 mm in diameter. 

(b) The Focal Length of the Lens. If 
the lens aperture is considered the svurce of 
the light reaching the film, then the amount 
of light that reaches the film will be inverse- 
ly proportional to the square at the distance 
from the source. For example, a lens having 
a focal length of 100 mm and an aperture 
diameter of 50 mm will transmit the same 
amount of light to the film as a lens that has 
a focal length of 50 mm and an aperture di- 
ameter of 25 mm, because the ratio of the 
focal length of the lens to the aperture diam- 
eter is the same in both cases. This ratio is 
ae the f-number and is expressed as fol- 
Ows: 


focal length of lens 


f-number = 
diameter of lens aperture 


(3) The resolving power of a lens refers 
to a measure of the fineness of detail which 
can be rendered with a lens. Resolution of 
camcra lenses is usually expressed in so 
many lines per millimeter. A useful rule-of- 
thumb is to determine whether the resolution 
of a given lens will exceed that of the film 
that is used when the lens is adjusted at any 
given aperture. This may be done by use of 
the following formula: 


/ — 2000 
Resolution (in lines per mm) = =——~—— 
f-number 

Example: S = 1,000 lines per mm 


(4) Regarding the speed of the objective 
lens and the camera lens, there is a direct 
relationship between these two lenses. For 
example, if the objective lens produces a 
bundle of light with a known diameter, the 
camera lens diameter cannot be increased 
without regard to the objective lens diame- 
ter. Therefore, there is a practical limit to 
the selection of low f numbers. The motion- 
picture camera lens is usually f/1.0 for 16 
mm cameras; or f/1.4 for 35 mm cameras. 


c. Shutters. The shutter of a motion-pic- 
ture camera is a disk-shaped device which 
rotates and covers and uncovers the aper- 
ture permitting: exposure of the film (figure 
12-9). The shutter opening is spoken of in 
degrees and has to do with the “open” or cut- 
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out portion of the disk; for instance, a 160- 
degree shutter is a disk which consists of 200 
degrees of metal for closing the aperture and 
160 degrees of space for opening the aper- 
ture. Most standard motion-picture cameras 
have a shutter open phase of 160 to 165 de- 
grees. The film moves during the shutter- 
closed phase of the revolution when the aper- 
ture is covered. The film must be stationary 
when the aperture is uncovered in the shut- 
ter-open phase. 


= 


APERTURE 


Figure 12-9. Shutter and Aperture in a Cine 
Camera (Shutter is Open). 


d. Pulldown Mechanism. The pulldown 
mechanism (figure 12-10) is a device which 
intermittently moves the film by engaging 
the perforations on the edges of the film be- 
hind the aperture at a stop-and-go rate. The 
film itself is moved through the camera at a 
constant rate by sprockets which are driv- 
ing the film. So that the film may stop at one 
point and yet move continually through the 
sprockets, loops of film are formed between 
the sprockets and the pulldown mechanism. 
It is very important that these loops be pro- 
perly formed, or there may be no intermit- 
tent movement of the film caused by the pull- 
down mechanism, and the film can be serious- 
ly damaged. 


e. Pressure Plate. The principal functions 
of the pressure plate (figure 12-10) are to 
keep the film against the aperture plate and 
to supply just the exact amount of friction to 
stop and hold the film in proper registration 
during exposure. In some cameras, when 
high resolution is required, registration pins 
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are used. After the pins which pull the frame 
into position have released the film, another 
set of registration pins go through the per- 
forations in the film and align each film 
frame precisely behind the aperture opening. 
All pressure plates can be removed or opened 
for inspection and cleaning. 
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Figure 12-10. Pull-Down Mechanism, the 


Pressure Plate, and the Aperture in a Cine 
Camera. 
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f. Loading the Camera. Most standard 
motion-picture cameras are fairly easy to 
load. Loading can be carried out in subdued 
light. Generally, spooled film is used. Before 
putting the roll in place, a length of film (a- 
bout 6 feet long), called a “leader” should be 
wound off the supply spool. To insure trou- 
ble-free operation, the operator should make 
certain that: (1) the sprocket clamps and 
pressure plate are properly closed; (2) the 
loops of film correspond to the loop-indicator 
lines inscribed on the camera structure; (3) 
the supply and take-up spools are in proper 
position; (4) the film moves evenly; (5) the 
film is properly secured on the take-up spool 
by winding it around the hub two or three 
times; (6) the free end of film is not cinched 
too energetically, as this may generate stat- 
ic electricity and thereby fog portions of the 
film; (7) the emulsion side of the film faces 
toward the camera lens; and (8) the film is 
protected from radiation. 

g. Synchronization: 

(1) General: 
(a) In cinefluorography, synchroniza- 
tion has to do with the method by which X- 
ray pulses are generated only at the time 
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when the film is stationary in the camera and 
ready for exposure during the shutter-open 
phase and not at the time the film is in mot- 
ion during the shutter-closed phase. Stand- 
ard motion-picture cameras are usually de- 
signed to operate at frame speeds of 8, 16 (si- 
lent), 24 (sound), 32, and 64 frames per sec- 
ond; whereas, the motion-picture cameras 
favored for cinefluorographic work have 
frame speeds that are multiples of the line 
frequency (that is, 60 cycles or 120 pulses 
per second). Cine cameras can be operated at 
speeds from 1 to 60 frames per second de- 
pending on the type of information sought 
and the viewing projector available. 

(b) Several methods of synchronizing 
the exposure may be utilized. Although units 
without synchronization cost considerably 
less, they are undesirable for two reasons: 
(1) the radiation dosage to the patient is 
prohibitively high, and (2) the electrical load 
to the X-ray tube is considerably higher. 

(c) The most satisfactory method of 
synchronization is one which uses a trigger- 
ing device to turn the X-ray exposure on dur- 
ing the shutter-open portion of the shutter 
rotation and off during the closed portion of 
the shutter rotation. Such a method reduces 
the radiation dosage to the patient and also 
reduces the electrical load to the X-ray tube. 
There are several ways by which this may be 
done, two of which are discussed in (2) and (3) 
below. — 


(2) Synchronization Through Primary 
Pulsing. In this method, two thyrathron 
switching tubes are connected in parallel in 
the primary of the high-tension transformer 
(cathode of one to anode of other) so that an 
AC may be applied to the primary. The tubes 
can be turned on and off to control the pri- 
mary and thus the output to the X-ray tube. 
The switching tubes receive a synchronizing 
signal from a commutator and brush ar- 
rangement, which is connected to the motor 
that drives the film-transport system in the 
camera. This system may be made to operate 
at camera speeds of 15, 30, or 60 frames per 
second. At 15 frames per second, four X-ray 
pulses expose each frame; at 30 frames per 
second, two X-ray pulses expose each 
frame; and at 60 frames per second, one X- 
ray pulse exposes each frame. It is possible 
to control the time duration of each X-ray 
pulse, to some extent, by firing the switching 
tubes later in relation to the half cycle at- 
tempting to cross its cathode to its anode. 


(3) Synchronization with Grid-Con- 
trolled X-ray Tube. In this method, the X-ray 
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pulses are synchronized with the open-phase 
of the camera shutter through the use of a 
grid-controlled X-ray tube. (See chapter 5.) 
Through a suitable pulsing and timing con- 
trol, a grid-controlled tube can be triggered 
in synchronism with the commutator and 
brush arrangement that is a part of the 
camera-drive motor. For example, when the 
grid-controlled tube is synchronized with a 
camera speed set at 30 frames per second, 
each complete frame requires one-thirtieth 
of a second: one-sixtieth of a second with the 
shutter open and one-sixtieth of a second 
with the shutter closed. During the one-six- 
tieth of a second, shutter-open period, the 
grid-controlled tube is permitted to pass X- 
radiation for 2 milliseconds (0.002 sec). Ra- 
diation is shut off until the next shutter-open 
phase when another 2 milliseconds burst of 
radiation flows through the tube. This has 
the advantage of eliminating radiation to 
the patient during the closed phase of shut- 
ter rotation and also eliminating useless 
heat input into the tube. Another advantage 
is that the short exposure time available 
with the grid-controlled tube stops or lessens 
the effects of motion within the patient dur- 
Ing the actual exposure, thereby producing a 
better end result. 


12-16. Film: 

a. Film Properties. In general, there are 
three desirable properties in a film to be used 
for cinefluorography: speed, contrast, and 
fine grain (high resolution). Speed is desira- 
ble as it 1s often necessary to record rapid 
movement using high camera speed and be- 
cause of the interest in keeping dosage to a 
minimum. Contrast is desirable because it is 
necessary to record, as in ordinary radio- 
graphy, different structures which have 
almost equal X-ray absorption. Since most 
of the structures recorded in cinefluoro- 
graphy are of very fine nature, it is desirable 
to have a film capable of recording with a 
high resolution. Film can be manufactured 
to provide any two of these desired proper- 
ties, but at the sacrifice of the third. There- 
fore, high-speed, high (short-seale) contrast 
film can be manufactured but at a sacrifice 
of resolution; or a high-speed, high-resolu- 
tion film may be manufactured, but at the 
sacrifice of contrast. Therefore, to achieve 
the most favorable end result, some form of 
compromise must be made. 

(1) Speed. Speed refers to the exposure 
required to produce a certain film density. 
Speed is of interest from the standpoint of 
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reduction In radiation to the patient and to 
personnel operating the intensification sys- 
tem. However, the highest speed film may not 
be the film of choice as they are often grainy. 
When used with an image intensification sys- 
tem, high-speed films may produce images 
with an objectionable graininess. This grain- 
iness cannot only be attributed to the speed 
of the film, but it is often added to by the sta- 
tistical fluctuation (scintillation) of the X- 
ray photons striking the input phosphor of 
the intensifier. To reduce the effects due to 
photon fluctuation, the number of photons 
per frame should be increased (for example, 
mA), or a slower film may have to be used. 

(2) Contrast. High contrast means that 
a film is highly sensitive to slight variations 
in brightness, including those from one small 
area of the input phosphor to another pro- 
duced by the random variation in the number 
of X-ray photons received by these small 
areas. Also, a high-contrast film will tend to 
show graininess from photon fluctuation on 
the image intensifier input phosphor to a 
greater degree than a lower contrast film of 
the same speed. 

(3) Grain. The faster the film, the larger 
the grain size. Grain size affects the sharp- 
ness of detail that is recorded by the film— 
with fine detail being obliterated by large 
grain size. Grain size 1s magnified when the 
image is projected. Grain size can be con- 
trolled to some extent through processing 
film in special (fine grain) developers. 

b. Reversal or Negative Type Film. In 
addition to the three properties of film just 
discussed, a decision must be made as to 
whether a reversal or a negative type film 
will be utilized. 


(1) A negative type film is one which 
when developed produces an image of the 
original subject that does not look like the 
subject because the whites of the subjects 
are rendered black, and the blacks are ren- 
dered white. In photography, the term “neg- 
ative” is used to describe the film strip con- 
taining such an image. In photography, the 
image is printed on photographic paper to 
produce an image that looks like the origi- 
nal. In cinefluorography, a negative type 
film renders the whites on the output phos- 
phor black, and the blacks are rendered 
white. The end result is similar to a radi- 
ograph since dense areas such as bone ap- 
pear white on the film strip. In negative 
processing, the exposed, light-sensitive sil- 
ver salts are developed to give an image, and 
the unexposed and undeveloped silver salts 
are fixed out—dissolved off the film base. 
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(2) There are applications of the photo- 
graphic process where it is desirable to ob- 
tain directly, without a printing operation, 
positive images that look like the original. 
Blacks on the original subject are rendered 
black, and whites are rendered white. The 
term “positive” is used to describe such a 
negative. To accomplish this requires a mod- 
ification of the ordinary negative-processing 
procedure. The procedure used is commonly 
referred to as “reversal processing,” and the 
films designed specifically for this type of 
end result are called “reversal films.” In rev- 
ersal processing the exposed light-sensitive 
silver salts are developed to produce an im- 
age. This negative image is then removed by 
dissolving in special baths. The remaining 
light-sensitive material is then exposed and 
developed rather than being fixed off the film 
base. The final picture looks like the origi- 
nal. In cinefluorography, reversal-type films 
render blacks black and whites white. The 
end result is similar to that viewed on a fluo- 
roscopic screen since dense areas, such as 
bone, appear black on the film. This holds 
true only when the film has been developed 
by reversal processing. It is common prac- 
tice to make use of reversal-type films for 
cine recording but to develop them according 
to negative-type processing; that is, the 
exposed silver salts are developed to give an 
image, and the unexposed salts are fixed off 
the ie base, yielding a negative-type end 
result. 


12-17. Film Processing: 
a. Developer: 

(1) Cinefluorographic film is a single 
emulsion film similar to the type used 1n pho- 
togluorography. Most cine film may be suc- 
cessfully processed in X-ray developing and 
fixing solutions. The cine film should be de- 
veloped for maximum speed and contrast 
which is consistent with lower fog and grain- 
iness. For maximum film density and con- 
trast under average .conditions, the film 
should be developed for 7 minutes at 68°F 
rather than the 5 minutes usually used for 
regular X-ray film. 

(2) Oftentimes, the specific degree of 
negative contrast comes up for considera- 
tion. In photographic terminology, the de- 
gree of contrast is usually referred to in 
terms of gamma. Gamma is a numerical 
measure of the contrasts of a negative rela- 
tive to the contrasts of the object that was 
photographed. If the contrasts of the nega- 
tive are the same as those of the object, then 
the value of gamma will be equal to 1.0. For 
example, a gamma of 0.7 means that the con- 
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trasts of the negative are only 7/10 as great 
as those of the object. For a given condition, 
gamma increases, up to a point, with the 
development time. In cinefluorography, a 
gamma of from 1.4 to 2 is preferred. 

b. Processing Methods and Equipment. 
Cine film may be processed either by the 
manual or automatic methods. The manual 
method is usually reserved for short lengths 
of film. 


(1) Short film runs may be wound about 
a conventional 14 X 17 inch hanger and de- 
veloped by placing it in the regular X-ray 
developing tank. The maximum length of film 
that can be conveniently placed on a 14 X 17 
inch hanger is 32 feet. The film should be 
wound on the hanger so that the base of the 
film and not the emulsion side is touching the 
hanger. 


(2) Another method of processing short 
lengths of film is by the utilization of a reel- 
and-trough type of processor. The film is 
wound onto a motor-driven lower reel, and 
the trough is then filled with the required 
amount of fresh developer. Fresh developer 
is used for each processing session. The de- 
veloper is drained through the bottom of the 
trough and replaced with fixer. The same is 
done with the fixer which, in turn, is replaced 
with water for washing. Finally, the film is 
wound onto the upper reel for drying. 


(3) For lengths of film of 100 feet and 
over an automatic-type of processor (figure 
12-11) is generally used. Automatic proces- 
sors usually require high developing temper- 
atures (75-85°F) to reduce the time of proc- 
essing. Processing time is determined by the 
size of the developer tank, the temperature, 
and the transport speed of the single frame 
fromthe start to the finish in a given develo- 
per for an acceptable end result. For most 
satisfactory results the automatic processor 
should (a) have the capacity for self-thread- 
ing and require no more than 20 to 30 feet of 
leader; (b) be easily serviced by departmen- 
tal personnel; (c) have the capability to ade- 
quately develop, fix, harden, and thoroughly 
wash and dry films which remain free of 
scratches and abrasions; and (d) be able to 
process both 16 mm and 35 mm film. 


(4) Conventional automatic processors 
can be used to process cinefluorographic 
film. However, they will normally produce an 
undesirable degree of graininess. 
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Figure 12-11. Automatic Cine Processor. 


12-18. Film Identification: 

a. The identification of cinefluorographic 
films may be accomplished by the use of lead 
numerals and letters arranged in an appro- 
priate holder, as in the case of conventional 
radiography. There are several ways of 
marking cine films for identification. 

(1) Immediately following the examina- 
tion, and after the patient has been moved 
out of the field of radiation, a short run of 
film (3 to 5 seconds) may be exposed with the 
identification data placed in the path of the 
X-ray beam. 

(2) When feasible, the identification 
data may be placed on the tabletop and ex- 
posed simultaneously with the part under 
examination. 


b. When several examinations are made on 
the same roll of film, it is necessary to estab- 
lish the identity of the films pertaining to 
each examination. In such cases, a single 
lead numeral or letter designating the exami- 
nation is placed either on the tabletop or just 











Fd 


i. <r 


AFM 160-30/TM 8-280/NAVMED _ P-5119 


beneath the input phosphor (avoiding super- 
imposition with the area of diagnostic inter- 
est) and exposed simultaneously with the 
part or area under examination. The identity 
of the film with the examination is thus 
unquestionably established. Before the roll 
of film is removed from the camera, detailed 
identification workups are exposed. These 
should include the number or letter designat- 
ing the examination. After the roll of film 
has been processed, the film strip containing 
the identification data is spliced onto the film 
strip which bears the corresponding identi- 
fying number or letter. The film strip con- 
taining the identification data 1s usually 
spliced onto the beginning end of the film 
strip of the examination. 

ce. When cinefluorographic film is stored 
(or filed) in metal containers, the case num- 
bers of the various examinations should be 
labeled on the outside of the container. These 
ease numbers should be listed according to 
the sequence in which they were exposed on 
the roll of film. 


12-19. Printing Equipment. Generally, after 
cinefluorographic film has been processed, 
copies of it are made by the use of a special 
printing device. Two types of printers are 
available. One type, the step printer, exposes 
each frame in succession like a camera. 
Printers of this type are used to reduce the 
35 mm original cine film to a 16 mm size for 
projection. Another type is a continuous 
printer (figure 12-12). A continuous printer 
is one in which the positive film is exposed 
while the negative and positive raw films are 
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Figure 12-12. A Continuous Printer. 
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in contact on a common sprocket. After 
being run through either type of printer, the 
processing of the copy film is similar to that 
which was used for the original. 


12-20. Project-Film Viewing: 
a. Basic Principles of Motion-Picture 
Projection: 

(1) Continuity. The illusion of continui- 
ty produced by motion pictures is the result 
of projecting a series of still pictures at the 
rate of speed that imparts the illusion of 
motion. If the eye is permitted to see an ob- 
ject for an instant, after which the object is 
removed or obscured, the eye will continue to 
see the image of the object for approximate- 
ly one-sixteenth of a second thereafter. This 
is called persistence of vision. If a series of 
still pictures is projected, in each of which 
some object is ina slightly different position, 
the eye will merge the sequence into one con- 
tinuous motion at a given projected picture 
rate per second (for example, 24 pictures 
(frames) per second). If the speed of projec- 
tion is not optimal, the smoothness is lost, 
the illusion of motion begins to disappear, 
and a flicker 1s seen on the screen. 

(2) Speed. The speed at which the motion 
picture is exposed is the speed at which it 
must be projected if simulation of a “natu- 
ral” appearance of motion is desired. The 
simplest way to slow down the action is to 
run the motion-picture camera at a speed 
greater than that used for projection. The 
faster the camera speed is with respect to 
the projected speed, the more evident is the 
“slow-motion” effect on the _ projection 
screen. In other words, the rate of motion 
apparent in projection is inversely pro- 
portional to the camera speed. For example, 
if the action was photographed at 60 frames 
per second and projection is made at 15 
frames per second, then the action of the 
projected image will be 1/4 the speed of the 
original action. A simple formula for deter- 
mining the change in apparent speed of mot- 
ion Is given below: 


Apparent speed = 
frames per second projected 
frames per second taken 


X actual speed 


b. Essential Components of a Motion-Pic- 
ture Projector: 

(1) Projector Optical System (figure 12- 
13). In the projector optical system, a high- 
wattage, concentrated filament lamp (750 or 
1,000 watts) located behind the film provides 
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Figure 12-13. Projector Optical System. 


the light beam for projecting the film image 
on the screen. The condensing lenses concen- 
trate the light from the filament of the 
projection lamp on the picture area. A reflec- 
tor placed in back of the lamp recovers the 
light that falls to the rear of the lamp (which 
otherwise would be lost) and directs it for- 
ward through the optical system. An aper- 
ture plate masks the beam of light from the 
lamp, screening it off from all except the film 
frame positioned in front of the aperture 
opening so as to obtain maximum brilliance 
in the projected picture. The projection lens 
placed in front of the film focuses the image 
of the film frame on the screen. The size of 
the projected image is determined by the dis- 
tance of the projector from the screen and by 
the focal length of the projection lens. 


(2) Frame Transport. The two principal 
parts of a motion-picture projector used to 
accomplish the rapid substitution of frames 
(figure 12-14) are the intermittent mecha- 
nism and the shutter. The intermittent mech- 
anism consists of a shuttle and its actuating 
cams and gears. The portion of the shuttle 
toward the front of the projector is equipped 
with projections called shuttle teeth. These 
teeth are moved by the motion of the shuttle 
in an approximate rectangular path. The 
shutter which is placed between the source 
of light and the film aperture, is synchro- 
nized with the action of the shuttle to cut off 
the beam of light from the projector lamp, 
once while the film is moving down and again 
while the frame is held stationary in the 
projector. The segment that interrupts the 
light beam while the film is in motion is called 
the pulldown blade,.and the other blade is 
known as the antiflicker blade. 


(3) Image Regulation. The shuttle and 
actuating cam arrangement is used to adv- 
ance and position the film in front of the pic- 
ture aperture. Each frame of film is held for 
an instant in front of the aperture and then 
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Figure 12-14. Shuttle Teeth Engaged in Film- 
Sprocket Holes. 


pulled away very rapidly. This cycle of oper- 
ation proceeds at a given frame per second 
rate (for example, 16 frames per second 
(fps)). This does not mean that each frame is 
held on the screen one-sixteenth of a second, 
the actual time is a little less than one-half 
of this 16-fps rate. The screen is darkened 
twice, once while the film is moving forward 
and again while the film is being held station- 
ary in the film gate. If the light were not cut 
off while the film is moving past the film gate, 
the picture on the screen would be streaked 
and blurred; and if it were not cut off at least 
once while each frame is at rest in the film 
gate, an annoying flicker would result. 

(4) Projection Drive Motor. The drive 
motor supplies the motive power to run the 
various mechanisms of the projector. For 16 
mm film, the nominal rating of the motor is 
approximately one-twelfth horsepower, 115 
volts, 60 cycles AC or DC, at 6,400 revolu- 
tions per minute (rpm). Speed is usually con- 
trolled and limited to a forward speed of 5,- 
554 rpm and a reverse speed of 3,702 rpm by 
a governor. 

c. Requisites of Projectors for Cinefluoro- 
graphy. The ordinary motion-picture projec- 
tor 1s not suitable for analytical diagnosis 
and therefore is not recommended for projec- 
tion of cinefluorographic film. The type of 
projector most suitable for cinefluorography 
should incorporate the following features: 

(1) It should permit a single frame of 
film to be viewed for an extended period with- 
out danger of the frame becoming overheat- 
ed due to the heat generated by the projec- 
tion lamp. 

(2) It should have instantaneous for- 
ward and reverse motions and a mechanism 


cy 
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for rapid change from normal to single-. 


frame projection and back again, so that the 
actions can be quickly and easily studied 
upon the viewing screen. 

(3) It should allow the film to run in el- 
ther direction. 

(4) It should incorporate a method of 
overcoming any objectionable flicker by an 
increase of shutter speed over the framing 
rate. 

(5) It should offer a choice of frame 
speeds varying anywhere from 1 to 2 to 24 
frames per second. 

(6) It should have a reel capacity suffi- 
ea to accommodate from 400 to 600 feet of 

lm. 

(7) For convenience of operation, the 
projector should be equipped with a remote 
control mechanism enabling the operator to 
control frame speed, forward and reverse 
action, and single-framing from his viewing 
chair without actual access to the projector 
proper. 


d. Projection Screens. The conventional 
beaded projection screen is not suitable for 
viewing cinefluorographic motion pictures. 
Such screens, due to the beaded construc- 
tion, give a pronounced grainy effect to the 
projected image. Number 200 matte board is 
ideal as a projection screen although it is 
possible to use a standard radiographic in- 
ene screen that 1s free of major arti- 

acts. 


e. Viewing Distance. The recommended 
viewing distance is approximately four 
times the height of the projected image. Also 
no one should sit outside an angle of 30 de- 
grees from the centerline of projection. At a 
40-degree angle, either side of the center line, 
the distortion is such that the width of the 
picture appears equal to the height; beyond 
this angle, the distortion resulting from 
improper perspective becomes even worse. 


f. Computation of Running Time: 
(1) The running time for 16 mm film may 
be computed by the following formula: 


Length of film in feet X 40 
Frames per second 
= running time in seconds 


(2) The running time for 35 mm film may 
be computed by the following formula: 


Length of film in feet X 16 
Frames per second 


= running time in seconds 
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12-21. Factors Affecting Patient Dosage. In a 
very general sense, the dose to the patient 1s 
dependent upon the amount of radiation 
needed to adequately expose the cinefluoro- 
graphic film. 

a. Kilovoltage. An optimum kVp should be 
used; one ranging between 70 to 120 kVp is 
generally acceptable for all cine work, al- 
though some radiologists may prefer a kVp 
higher than 120 kVp. Kilovoltage has an 
effect upon contrast, and as kVp is in- 
creased, contrast will decrease. 

b. Filtration. Filtration for cinefluoro- 
graphy is the same as that used for conven- 
tional fluoroscopy. 

c. Intensifier Tube and Intensification 
Factor. The intensification factor of the 
image intensifier tube itself has an effect 
upon patient dosage dependent upon how it 
is utilized. The radiation striking the input 
phosphor must be sufficient to produce the 
image quality required. The tube intensifica- 
tion then results in more brightness for cine- 
fluorography and permits a better film to be 
produced through a selection of film and/or 
possible developing techniques. | 

d. Film. The speed of the film utilized and 
the type of processing have a definite effect 
on the dosage received by the patient. It is 
necessary in selecting a type of film to consi- 
der all the factors—speed, grain, and con- 
trast—and to reach a compromise which is 
acceptable to the radiologist. 


e. Processing. Processing also has an ef- 
fect on patient dosage in that optimum re- 
sults on the film can only be obtained if the 
film is properly processed. This factor is 
mainly influenced by the type of developer 
developing time, and temperature. 

f. Frames Per Second. The filming speed in 
frames per second as set on the motion-pic- 
ture camera has a definite effect on the dos- 
age received by the patient regardless of 
whether or not a synchronized or nonsyn- 
chronized system is utilized. A certain quan- 
tity of radiation per frame is required to 
properly expose that frame. Therefore, if the 
number of frames per second exposed is dou- 
bled, the patient dosage is doubled; or if the 
number of frames per second is halved, the 
patient dosage is halved. Taking this factor 
into consideration, the lowest number of 
frames per second speed should be used prov- 
ided that the frame speed is such as to pro- 
duce adequate information for diagnosis. 

g. Camera Lens. The speed of the camera 
lens has a considerable effect upon patient 
dosage. For a given situation, the faster the 
lens, the less exposure per frame is required. 
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The amount of light transmitted by a lens 
can be controlled by adjustment of the iris 
diaphragm or “stop.” For example, if the 
lens 1s an f/1.4 lens provided with a f/2 stop, 
the amount of light transmitted at the f/2 
setting is one-half the light transmitted at 
the f/1.4 setting of the lens. Usually, the lens 
is not stopped down, but adjusted so as to 
transmit a maximum amount of the availa- 
ble light to the cine film. 

h. Other Factors. In addition to the for- 
egoing, there are other factors which affect 
patient dosage. These include the type of 
grid, the type of rectification, the duration of 
examination, the extent of the area or field or 
radiation incident on the patient, and the 
thickness and density of the region under 
study. 


12-22. Cinefluorographic Technique Factors: 
a. Establishing a cinefluorographic tech- 
nique is considerably different from estab- 
lishing a radiographic technique. Not only 
must all of the factors affecting a radi- 
ographic examination be taken into consid- 
eration but also all photographic factors 
that have to do with the production of the 
cine film. 
(1) Radiographic Factors. These factors 
include: 


(a) kVp. 

(b) mA. 

(c) Exposure time. 

(d) Focal spot--input phosphor dis- 
tance. 

(e) Patient thickness and density. 

(f) Grid. 

(g) Filtration. 

(h) Focal-spot size. 

(2) Photographie Factors. These factors 
rank equally in importance with the radi- 
ographic factors and should be thoroughly 
reviewed prior to making a film run. 

(a) Electronic focusing of the intensi- 
fier tube. 

(b) Focusing of the camera lens. 

(c) Camera lens aperture (f-number) 
setting. 

(d) Frames per second. 

(e) Synchronized or nonsynchronized 
exposure. 

(f) Image tube scintillation (bright- 
ness factor). 

(¢) Film—size, speed, contrast, grain. 

(h) Film processing—type of develo- 
per, developing time, temperature. 

b. The cinefluorographic technique shown 

in table 12-1 1s for purposes of illustration 
only. 


AFM 160-30/TM 8-280/NAVMED 


P-5119 1 August 1974 


ce. In the case wherein technique factors 
are being established for the first time, or 
where a major modification has been made in 
the equipment, it is important to make prac- 
tice films on inanimate phantoms prior to 
attempting patient films. A practical inani- 
mate phantom may be devised of different 
thicknesses of pressedwood (a type of fiber 
wallboard). For each centimeter of thoracic 
thickness, 0.5 cm of pressedwood thickness 
will provide equivalent X-ray absorption; 
for each centimeter of abdominal thickness, 
1.2 cm of pressedwood should be utilized. 


12-23. Common Image Defects and Suggested 
Remedial Instructions: 
a. Poor Detail or Image Blurring: 
(1) Check focus of image intensifier tube. 
(2) Check focus of camera lens. 
(3) Decrease duration of exposure time. 
(4) When feasible, use smaller focal spot. 
(5) Decrease object-input phosphor dis- 
tance. 
(6) Check for cleanliness of lens optical 
system. 
b. Excessive Graininess or Mottling: 
(1) Increase intensity of radiation. 
(2) Decrease camera lens aperture; that 
is, “stop-down” slightly. 
(3) Use slower fine grain film. 
ec. Unsatisfactory Contrast: 
(1) Decrease kVp. 
(2) Use high-contrast type of film. 
(3) Use wafer grid. 
(4) Develop film for maximum (high 
gamma) contrast. 
(5) Check for light or radiation film fog. 
(6) Check for condition and/or tempera- 
ture of developer. 
(7) Check for cleanliness of lens optical 
system. 
d. Loss of Peripheral Density or Vignet- 
ting: 
(1) Decrease camera lens aperture. 
(2) Use film of lower contrast. 
(3) Check camera lens for qualitative 
defects. 


SECTION D—TELEVISION 


12-24. Introduction. Television in radiology 
departments can be described as a means of 
displaying the fluoroscopic image. The image 
is displayed on a television monitor and can 
be viewed much the same as “home’’ televi- 
sion. In order to transmit the fluoroscopic 
image from an image intensifier tube to the 
monitor, the image must be projected into a 
pickup tube in a television camera by an opt- 
ical system, which usually consists of two 





» 
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Table 12-1. Cinefluorographic Technique. 
SAMPLE CINEFLUOROGRAPHY TECHNIQUE CHART 
Table-top 
input phos- r/min at 
phor dis- table top 
Part tance in air 
Pelvis 15” | Medium- 12.8 
speed 
Pelvis 15” | Medium- 15.0 
speed 
Heart 15” | Medium- 12.8 
speed 
Heart 15” | Medium- 6.0 
speed 
Skull 15” | Medium- 6.0 


Note. 1. Filtration | 





speed 


errr eal 4 mm. al. total 


Bi ROW OIOIE  adccac crc itossscraawpreatosacargamdude Liquid type; 7 min. 68° F. 
Big UE So ccmstcaannbasteac dace ajetepnanansiae .. Focal length, 50 min. aperture f/1.5 


4. Focal-spot table-top distance ..... 18 in. 
very fast, highly corrected lenses. The pick- 
up tube converts the image into an electrical 
signal, which is transmitted over a connect- 
ing cable to the monitor. The monitor then 
converts the electrical signal into a light 
image. A schematic of a television system is 
shown in figure 12-15. 


TV CAMERA 
IMAGE TUBE 





PATIENT 


TELEVISION MONITOR 


Figure 12-15. Schematic of a Television Sys- 
tem. 


12-25. Applications of Television (TV). There 
are numerous advantages, and some disad- 
vantages, of TV over direct optical (peri- 
scope) viewing of the image tube output 
screen. Initial expense and maintenance 
costs are greater for TV than for image in- 
tensified fluoroscopy. In addition, patient 





dose is higher and resolution is somewhat 
lower. However, even with these unfavorable 
conditions, TV has been rapidly accepted in 
radiology departments because the advan- 
tages by far outweigh the disadvantages. 
Some advantages and applications of TV are 
described below. 


a. Location of Monitor(s). A TV monitor 
can be positioned in almost any location in- 
side the radiographic room. For example, it 
can be suspended from the ceiling, placed on 
a wall, or placed on a mobile cart. Conse- 
quently, the physician is not restricted to 
viewing the fluoroscopic image from a par- 
ticular position such as with image intensi- 
fied fluoroscopy. This convenience aids the 
physician considerably in catheterization. 
In addition to the various locations of a sin- 
gle monitor, it is possible to use more than 
one monitor at a time, thereby increasing 
the flexibility of the system. Others can be 
located in adjacent rooms or in other parts 
of the hospital. 


b. Group Viewing. With image intensified 
fluoroscopy not equipped with TV, viewing 
of the fluoroscopic image is restricted to two 
persons. TV imposes no such restriction on 
viewers. Several persons can view a TV mon- 
itor simultaneously. Group viewing is par- 
ticularly helpful in consultation and teach- 
ing situations. 
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ce. Bi-plane Viewing. By using two TV sys- 
tems (two X-ray tubes, image tubes, TV cam- 
eras, and monitors) simultaneous biplane 
viewing is possible. In other words the physi- 
cian can be provided with anterior and later- 
al views at the same time without readjust- 
ing the X-ray components or his position. 

d. Magnetic Recording. Magnetic record- 
ing of the fluoroscopic image is another way 
in which a TV system is advantageous. 
Magnetic recording is described later in this 
section. 


12-26. The Television Process. The picture on 
a television monitor is composed of many 
“dots” of various colors and various shades 
of those colors. In the case of black and 
white television, which is our primary con- 
cern, the dots are either black, white, or dif- 
ferent shades of gray. A television picture of 
a step wedge image is illustrated in figure 12- 
16. (For illustrative purposes the dots are 
much larger than normal.) The reason a tele- 
vision picture is composed of dots is because 
of the way the image is transmitted from the 
television camera to the monitor. It is first 
dissected into very small elements, and the 
elements are converted into electrical impul- 
ses in the television camera. The electrical 
impulses are then transmitted over a con- 
necting cable to the monitor, which converts 
them into dots for display. 
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Figure 12-16. Illustration of a Television 
Picture of a Step Wedge. 


a. Scanning the Image. The process of dis- 
secting the image into elements for trans- 
mission and display on the monitor 1s known 
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as scanning. An electron beam scans across 
the pickup tube from left to right, top to bot- 
tom, in a lined pattern. One complete trace of 
the beam as it appears on the monitor is 
called the raster and is illustrated in figure 
12-17. Only the sean from left to right (active 
trace) is used to reproduce the image. The 
return scan from right to left (horizontal 
retrace) is to prepare for the next active 
trace. The scanning electron beam dissects 
the image into a series of lines. The lines are 
further divided into elements by turning the 
electron beam on and off at microsecond in- 
tervals during the active trace. 





Figure 12-17. Television Raster. 


b. Interlacing. After the electron beam 
scans the image it returns to the top of the 
pickup tube and scans the image again. The 
return of the electron beam to the top of the 
pickup tube (vertical retrace), as with hori- 
zontal retrace, is not used to reproduce the 
picture. It only returns the beam to prepare 
for the next active trace. The second scan is 
interlaced between the first as illustrated in 
figure 12-18. The odd-numbered lines (1, 3, 5, 
7, et cetera are scanned first and the even- 
numbered lines (2, 4, 6, 8, et cetera are 
scanned the second time. This type of scan- 
ning system is known as “‘two to one positive 
interlace” and is the system most commonly 
used in television. 


ce. Fields and Frames. One scan of the im- 
age, such as the odd-numbered line sean is 
known as a “field.”” Both scans together (odd 
lines and even lines) constitute a “frame.” A 
television field is scanned in one-sixtieth of a 
second. This results in an image being dis- 
played 60 times per second on the television 
screen and is more than enough to satisfy 
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Figure 12-18. Interlacing. 


the requirement for flicker elimination, 
which is at least 48 pictures per second. In 
addition, since one field is displayed every 1/ 
60 second, one frame is displayed every 1/30 
second (2 x 1/60 = 1/30). In other words 30 
frames are displayed every second. This dis- 
play rate is more than enough to satisfy the 
requirement for motion continuity, which is 
at least 24 pictures per second. Figure 12-19 
shows the stepwedge frame as it would ap- 
pear broken down into two fields. Note one 
field consists of odd-numbered lines and the 
other consists of even-numbered lines. 


d. Composite Television Signal. Three 
types of information are transmitted to the 
television monitor. They are: (1) video sig- 
nal, (2) blanking pulses, and (3) sync pulses. 

(1) Video Signal. The video signal varies 
in amplitude depending on the area of the 
image being scanned. For example, if at a 
specific instant the electron beam is on an 
element from a “dark” portion of the image, 
the signal will be relatively weak. On the 
other hand, if the electron beam is on an ele- 
ment from a white area, the signal will be 
strong. In this manner the video signal re- 
ceived by the monitor will vary depending on 
the intensity of the element. Consequently, 
accurate reproduction of the elements (black 
to black, white to white, et cetera) is possi- 
ble. 


(2) Blanking Pulses. Since both the hori- 
zontal and vertical retrace lines do not con- 
tribute to actually creating the picture, they 
should not appear on the monitor. The re- 
trace lines are made invisible by blanking 
pulses which blank out the fluorescent 
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Figure 12-19. Television Picture of a Step 
Wedge Broken Down Into Two Fields. 


screen on the monitor during retrace. The 
horizontal blanking pulse blanks out the 
retrace from the end of one horizontal line to 
the beginning of the next. The vertical 
blanking pulse blanks out retrace from the 
end of one field to the beginning of the next. 
(3) Syne Pulses. For accurate reproduc- 
tion of a television image, the scanning elec- 
tron beam in the pickup tube and the elec- 
tron gun in the monitor must be synchro- 
nized. For example, while the electron beam 
is scanning one part of an image, such as the 
top of the head, the electron gun of the moni- 
tor must not be in position to reproduce the 
neck. Synchronization is achieved by trans- 
mitting sync pulses to both the pickup tube 
and the monitor so the two scanning systems 
are scanning identical areas simultaneously. 


12-27. Television Camera. The television 
camera is equipped with a lens which pro- 
jects the image on the target of the pickup 
tube. The image on the target is converted to 
electrical impulses by a scanning electron 
beam. The electrical signal together with the 
synchronizing pulses is then transmitted 
through a conductor (closed circuit) to the 
monitor for reproduction. A detailed under- 
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standing of how the camera dissects the 
image into an electrical signal is not impor- 
tant; therefore, this discussion will be limit- 
ed to the general characteristics of the three 
commonly used television pickup tubes. They 
are the image orthicon, the vidicon, and the 
plumbicon. 

a. Image Orthicon. The image orthicon, a 
popular tube in radiology departments at 
one time, has virtually been eliminated from 
newer systems. It does, however, produce 
good results if properly installed and adjust- 
ed. Some reasons for its discontinued use are 
its: (1) large size, (2) expense, and (3) com- 
plexity. 

b. Vidicon. The vidicon is probably the 
most universally used pickup tube in diag- 
nostic fluoroscopy. It is much smaller than 
the image orthicon (less than half the size), 
and is considerably less expensive. In addi- 
tion, it is simpler to operate and maintain 
than the image orthicon and gives good per- 
formance as well as high reliability. 

ec. Plumbicon. The plumbicon is almost 

identical to the vidicon in structure, except 
for the target material. In a vidicon it is an- 
timony trisulfide whereas in a plumbicon it is 
lead monoxide. Other features such as cost, 
size, and reliability are also similar to the 
vidicon. 
12-28. Television Monitor. The television 
monitor, sometimes called a kinescope, 1s the 
device which displays the image. It is basi- 
cally the same as a home television set ex- 
cept that it usually has no audio section and 
no tuner. The controls on the monitor are 
similar to the controls on a home television 
set. In addition, there are certain internal 
controls that should be adjusted only by a 
qualified serviceman. There is a fluorescent 
phosphor on the inside of the faceplate and 
an electron gun in the neck of the tube. See 
figure 12-20. Since the monitor is synchro- 
nized to the pickup tube, the electron gun 
scans the phosphor surface simultaneously 
with the electron beam of the pickup tube. 
The beam of electrons from the electron gun 
strikes the fluorescent phosphor and causes 
it to fluoresce. The degree of fluorescence 
depends upon the strength of the incoming 
signal. 


12-29. Resolution. Resolution on a television 
screen is a measure of picture definition and 
clarity. Higher resolution is necessary in 
radiology departments than in home televi- 
sion because of the nature of the informa- 
tion needed. For example, with an upper Gl 
series it is essential for the radiologist to 
spot a small fleck of barium which could rep- 
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Figure 12-20. Television Monitor Picture 
Tu 


resent an ulcer crater. On the other hand, 
visualization of details of this size on a home 
receiver is usually not necessary. Basically, 
resolution is determined by the number of 
dots composing the picture— the more dots 
the better the resolution. Figure 12-21 shows 
two television screens. As you can see, the 





Figure 12-21. Two Television Pictures 
Showing How Dot Size 
Affects Detail. 
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image in detail A, which is composed of more 
dots, exhibits higher resolution than the 
image in detail B. 

a. The number of dots composing the pic- 
ture depends upon the line rate and band- 
width or frequency response. The line rate is 
the number of horizontal lines per television 
frame. Home television has a line rate of 525 
while medical television systems with 650, 
800 and more are available. The bandwidth 
of a television system determines the number 
of times the electron beam scanning the 1m- 
age can be turned on and off, or modulated, in 
some unit of time. Home television has a 
bandwidth of about 3.5 million cycles/second 
(megaHertz). This means that 3.5 million 
“bits of information” can be transmitted to 
the television screen per second. To calculate 
the number of dots (the bits of information 
are considered as dots) in one horizontal line 
using a line rate of 525 and a 3.5 megaHertz 
bandwidth, consider the following: 


3,500,000 cycles per second 
30 frames per second 


116,667 cycles per frame 


116,667 cycles per frame 
525 lines per frame 


= 222 cycles per line 


In other words, in a home television set with 
3.5 megaHertz bandwidth a maximum of 222 
dots can appear on one horizontal line. In 
addition, a maximum of 525 dots can appear 
on one vertical line since the line rate 1s 525. 
b. As mentioned earlier, television sys- 
tems in radiology departments require high- 
er resolution than home television. To 
achieve the higher resolution, systems are 
used with higher bandwidths and higher line 
rates. Let’s consider a system with a band- 
width of 10 megaHertz and a line rate of 875. 


10,000,000 cycles per second 
30 frames per second 


= 333,333 cycles per frame 


333,333 cycles per frame 
875 lines per frame 


= 381 cycles per line 


In other words a maximum of 381 dots can 
appear on one horizontal line. Since the line 
rate is 875, the maximum number of dots 
that can appear on one vertical line is 875. 
These numbers, 381, and 875, are considerably 
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higher than those in home television, 222 and 
525. The result is an increase in the resolu- 
tion on the television screen. 

c. It should be noted that a bandwidth of 
10 megaHertz is extremely high when com- 
pared to some other systems. For instance, 
frequency response of a cheap record player 
is generally below 10 kiloHertz, while an 
expensive high fidelity set is expected to pro- 
duce up to 20 kiloHertz. Highly complex am- 
plification circuitry is necessary to produce 
the bandwidth required for radiologic televi- 
sion systems; thus, amplification is one of 
the reasons for their high cost. 

d. Keep in mind that the bandwidth pro- 
duced in a particular amplifier does not, by 
itself, determine resolution. The bandwidths 
of the camera and the monitor are also 1m- 
portant. For example, if amplification pro- 
duces 10 megaHertz and the monitor is capa- 
ble of displaying only 8 megaHertz, the re- 
maining 2 megaHertz is of no consequence. 
For the same reason, the bandwidth of the 
camera can limit resolution. Consequently, it 
can be said that resolution is only as good as 
the resolution of the weakest “link” in the 
chain of television system components. 


12-30. Video Tape Recording. Video tape re- 
cording is a means of electronically record- 
ing the fluroscopic image. In contrast to cine, 
which uses the photographic process to re- 
cord the image on film, a video tape recorder 
uses magnetic tape. In the recording phase 
of operation, the video signal produces a 
varying magnetic field at the recording head, 
which imprints the signal information on the 
magnetic tape. In the playback phase, the 
information on the tape is converted back 
into a video signal, which is displayed on a 
monitor much the same as the original sig- 
nal. (See figure 12-22.) Video tape recording 
offers several advantages over cine record- 
ing. Among them are lower radiation dose to 
the patient, no processing, instant playback, 
and the reusability of the tape. The major 
disadvantage is that resolution is somewhat 
lower than with cine. Consequently, video 
tape may not be practical when high resolu- 
tion is required. However, since instant play- 
back is possible with video tape, it can be 
used in addition to cine to determine if the 
information recorded on the cine film is ade- 
quate. Using video tape as a backup device 
in this manner eliminates the necessity of 
having the patient remain in the radiology 
department until the cine film is processed. 
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Figure 12-22. Recording and Playback Phases of Video Tape Operation. 


a. Principles of Magnetic Recording. A 
video tape recorder operates on the same 
basic principles as the popular audio tape 
recorder. There are some major differences 
as you will see later, but first we will discuss 
some of the principles which apply to mag- 
netic recording in general. 

(1) Either an audio or a video signal is 
routed through a coil of wire which is wound 
around a metal core. The signal produces a 
magnetic field across a gap in the metal core. 
The metal core is known as the recording 






SIGNAL 


Figure 12-23. Recording Head. 


(2) The magnetic tape is composed of a 
plastic base and a layer of particles of mag- 
netic material. (See figure 12-24.) When the 
tape is moved across the gap in the recording 
head, the magnetic particles align them- 
selves with the magnetic field. Since the 
strength of the magnetic field across the gap 
varies, depending upon the strength of the 
signals, the alignment of the magnetic parti- 
cles varies accordingly. Thus the signal in- 
formation is imprinted on the magnetic tape. 


(3) To display the information from the 
tape (on a speaker with an audio system and 
on a monitor in the case of video), the tape is 
again moved across the gap in the recording 
head. The magnetic field on the tape causes 
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Figure 12-24. Magnetic Tape. 


an electric current in the coil of the wire. The 
electric current is then used to recreate the 
original signal. 


b. Bandwidth and Tape Speed: 

(1) One major difference between an au- 
dio and a video tape recorder is the speed of 
the tape across the gap in the recording 
head. To compare the two, let’s first consider 
an audio system which produces 15 kilo- 
Hertz. Using the formula 


TS =WxF 
where 
TS = tape speed or writing speed. 


W = minimum recordable wavelength 
in inches per cycle. (Determined by 
the width of the gap and size of the 
magnetic particles of the tape). 


F = frequency in cycles per second. 
then 


TS = .0005 inches per cycle X 15,000 cy- 
cles per second. 


TS = 7.5 inches per second. 
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Thus, an audio recorder with a wavelength 
of .0005 inch per cycle and 15 kiloHertz must 
have a tape speed of 7.5 inches per second. 
(2) Now, let’s consider a video system 
with 5 megaHertz and a minimum recordable 
wavelength of .0002 inch per cycle. Using the 
same formula and substituting the appropri- 
ate factors we find that 
TS = .0002 inches per cycle X 5,000,000 
cycles per second. 


TS = 1000 inches per second. 


Thus, the tape speed must be 1,000 inches per 
second (80 feet per second). As you can see, 
this is a tremendous increase in the tape 
speed over that of an audio recorder. While it 
is no problem to manufacture a fixed head 
recorder with a 7.5 inches per second tape 
speed, mechanical considerations would pose 
certain limitations on a recorder capable of 
1,000 inches per second. In addition, using 
tape at the rate of 1,000 inches per second 
would be costly and would limit the recording 
capability of the tape. 

c. Helical Scan Recorder. The problems of 
high tape speed and excessive tape usage are 
overcome by the helical scan recorder. 

(1) The recording head in a helical scan 
recorder is mounted on a rotating disc. If the 
diameter of the disc is 5.3 inches and its re- 
volving speed is 3,600 rpm, the combination 
provides a 1,000 inches per second writing 
speed. 

(2) The tape path of a helical scan recor- 
der is wound around a drum (which contains 
the dise and the recording head) in a helical 
pattern. (See figure 12-25.) This pattern 
means the tape is fed onto the drum, wrapped 
around it 360°, and emerges above the posi- 
tion where it entered. This configuration 
records the information on the tape in diago- 
nal lines as illustrated in figure 12-26. As you 
can see, this diagonal recording pattern uses 
less tape because the diagonal lines require 
less space with respect to the linear dimen- 
sion of the tape. 


SECTION E—SERIAL FILM CHANGERS 


12-31. Introduction. In angiography the con- 
trast material introduced into the circulato- 
ry system is circulated so rapidly that ex- 
tremely short intervals between exposures 
are necessary for adequate demonstration of 
the vasculature. The intervals between expo- 
sures are usually fractions of seconds, thus 
manual cassette changing is impossible. Se- 
rial film changers are used to rapidly and 
automatically change the film, which permits 
several radiographs to be made in a very 
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Figure 12-26. Magnetic Tape Showing Re- 
cording Pattern With Helical 
Scan Recorder. 


short period of time. They are electrically 
powered and synchronized with the X-ray 
generator so that the exposures are auto- 
matically triggered in conjunction with the 
changing of the film. These devices can only 
be used with X-ray generators specifically 
wired to accept them. Most of the newer 
units, fixed or portable, which have a poten- 
tial of at least 200 mA and 125 kVp, are so 
wired. When the film changer is connected to 
the X-ray generator (usually by way of a 
remote receptacle or a wall-mounted relay 
box) the handswitch circuit of the generator 
is bypassed and on some units, the rotor acti- 
vated. Thus the X-ray tube and subsequent 
production of X-rays is controlled by the film 
changer. 

a. Exposure Time. When using a serial film 
changer the selection of the exposure time is 
important. For example, with the Sanchez- 
Perez, the exposure time should not exceed 
one-third of the interval time set on the 
changer. Therefore, if the Sanchez were set 
to change film at the rate of one per second, 
the exposure time should not exceed three- 
tenths of a second. This restriction is neces- 
sary to insure that the exposure is completed 
before the cassette is changed. Thus it pre- 
vents blurring of the radiograph. The re- 
strictions on exposure time vary from unit to 
unit, consequently technologists should be 
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familiar with the unit in use and adjust the 
exposure time accordingly. 

b. Accessory Devices. Accessory devices, 
such as another film changer, and/or auto- 
matic pressure injector, can also be “tied”’ 
into the circuit. A second changer can be pos- 
itioned at right angles to the first unit to 
permit biplane filming. This procedure al- 
lows for simultaneous AP and lateral projec- 
tions. Naturally the second film changer 
must be synchronized with a separate X-ray 
tube as well as the first changer and its tube. 
When the more sophisticated pressure injec- 
tors are used, they activate and control the 
entire process. The problem of SR to the film 
may be more acute with biplane studies be- 
cause of the positions of the two films with 
respect to the part. Consequently it may be 
necessary to add another grid with the lead 
strips crosswise to the built-in grid to help 
reduce the SR. 

ec. Operation of Film Changers. Several 
film changers are currently available at 
varying price ranges and with different fea- 
tures. Except for the Sanchez-Perez, which is 
a relatively simple unit to operate, this sec- 
tion will not describe the detailed operation 
of specific film changers. Instead, it is intend- 
ed to provide basic understanding of repre- 
sentative changers. Refer to the manufac- 
turer’s literature for specific operating in- 
structions and related information. 


12-32. Sanchez-Perez Automatic Seriog- 
raph. The Sanchez-Perez was one of the first 
motorized film changers on the market and is 
still used in many hospitals. It can handle up 
to twelve 11 X 14 inch cassettes and permits 
a maximum of one exposure every 1/2 second 
or as few as one exposure every 2 seconds. 

a. Major Parts. The three major parts of 
the Sanchez are the case, cassette, and stand 
(see figure 12-27). 


(1) Case. The case houses the magazine, 
receiver, motor drive compartment, and con- 
trol panel. 

(a) Magazine. The magazine, figure 
12-28, holds the 12 cassettes on a lifter plate 
supported by springs. After the top cassette 
is exposed, it is pulled off the stack and 
dropped into the receiver. The springs raise 
the next cassette into position for the next 
exposure. 

(b) Receiver. The receiver, figure 12- 
28, is simply a felt-lined, lead-protected re- 
ceptacle where exposed cassettes are 
dropped by the changing mechanism. 

(c) Motor Drive Compartment. The 
motor drive compartment (see figure 12-28) 
houses the components which physically 
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Figure.12-28. Sanchez-Perez Magazine, Re- 
ceiver, and Motor Drive Com- 
partment. 

change cassettes. Essentially a chain, driven 

by an electric motor, does the work. Hanging 

from one of the links of the chain is a T- 

shaped pin. As the motor drives the chain, 

the pin engages a slot in the frame of an ex- 
posed cassette, pulls it off the magazine and 
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drops it into the receiver. One cassette 
change constitutes one cycle. Cycling contin- 
ues until all cassettes have been changed 
when the continuous mode is selected. 

(d) Control Panel. Figure 12-29 shows 
the control panel with its parts identified. A 
circult breaker protects the case circuitry. 
When the cable is plugged in, the pilot light 
should glow red indicating power to the case. 
The cassette counter indicates the number of 
cassettes which have been exposed and 
changed. The X-ray cable plugs into the 
transformer or control panel of the X-ray 
machine to synchronize the exposures with 
the film changing mechanism. The horizontal 
locking knob locks the case in the horizontal 
position, while the vertical locking knob 
locks it vertically. The remote receptacle 
provides a means for electrically connecting 
an automatic injector or perhaps another 
Sanchez for biplane work. The exposures 
switch determines whether the intermittent 
or continuous mode of serial exposures is 
used. When the intermittent mode is selected, 
a series of exposures and cassette changes 
continues only as long as the footswitch is 
depressed. This mode is advantageous fora 
series of fewer than 12 exposures. Once the 
footswitch is depressed in the continuous 
mode, 12 exposures and cassette changes are 
made unless the power switch is turned off. 
The interval timer is seen on the control 
panel as a slot and a thumbscrew lock with 
increments of one-fifth seconds and seconds 
ranging from one-half to two. The time se- 
lected with this control is the interval be- 
tween cassette changes. 


(2) Cassette. The Sanchez-Perez uses 
specially constructed cassettes, which are 
easily damaged and quite expensive. Essen- 
tially, the cassettes consist of the same 
parts as a conventional cassette. (See figure 
12-30.) The back of each cassette is lead lined 
to prevent exposure of the film below. One 
corner of the frame is indexed to prevent 
improper loading into the magazine. One side 
of the frame is slotted to engage the T- 
shaped pin for cassette changes. The intensi- 
fying screens are normally par speed, but 
they may be changed if greater screen speed 
is desirable. The aluminum cassette front 
is notched to slip onto guidepins in the 
frame. The opposite side is held closed by a 
pair of slips. In one corner of the cassette 
front is a number. This number is projected 
onto the film as the film is exposed. This 
serves to identify the order in which the films 
were exposed. Consequently, the cassette 
with the highest number should be loaded 
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into the magazine first. Then the rest of the 
cassettes should be loaded in descending 
numerical order. These special cassettes 
should be given extra care in handling. Not 
only are they expensive, but also they are 
easily damaged. A bent slot or even a slight- 
ly open clip can cause the seriograph to jam. 
Jams frequently cause irreparable damage 
to the jammed cassettes, and they can cause 
damage to the seriograph. So special care in 
handling Sanchez cassettes is well warrant- 


(3) Stand. The stand is a metal box con- 
taining a cassette storage bin and the height 
adjustment mechanism. On each end there is 
a floor lock. Projecting from the top of the 
stand are a pair of vertical arms that sup- 
port the case. The storage bin has slots for 
14 cassettes. When not in use all cassettes 
should be stored there to preclude accidental 
damage. The height adjustment mechanism 
consists of a small electric motor, which 
drives a worm gear to raise and lower the 
support arms and, therefore, the case. A 
paddle switch operates the height adjust- 
ment motor. The floor locks lift the casters 
on one side of the stand off the floor to pre- 
vent the seriograph from moving during 
operation. The stand power cable plugs into 
a 110 volt AC source and supplies power to 
the height adjustment motor. 

b. Programmer. A programmer (see figure 
12-31) ean be added to the unit, which gives 
the option of altering the delay time between 
exposures. It has 12 timers, one for each cas- 
sette, which can be set from 0 to 4 seconds. 
The time selected on these timers is in addi- 
tion to the time selected on the control panel. 
Suppose a series of 12 cassettes were loaded 
and the interval timer in the Sanchez- Perez 
set at one exposure per second. On the pro- 
grammer, the timers one through six are set 
on 0; seven is set at 4, and 8 through 12 are 
set at 1. The first six cassettes would be 
changed at a rate of one per second. Then 
there would be a pause of 5 seconds (the 1- 
second interval plus 4 seconds delay). The 
seventh cassette would be changed and the 
rest of the film holders would be changed at 
one every 2 seconds (the 1-second interval 
plus a 1-second pause). 

e. Checklists for Operation of the San- 
chez-Perez. The film changer should be thor- 
oughly checked prior to each use to prevent 
malfunctions during an angiogram. Any 
such delay causes repeat filming, repeat 
injections of contrast material, and increas- 
es the inherent risk to the patient. Most 
equipment problems can be recognized and 
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Figure 12-29. Sanchez-Perez Control Panel. 


corrected in a thorough checkout or “dry 
run.” The following checklist is reeommend- 
ed for the Sanchez: 
(1) Position the seriograph as it will be 
used in the procedure. 
(a) Align the center of the grid with 
that of the table. 
(b) Adjust the height of the case to 
correspond to that of the table. 
(2) Attach all cables. 
(a) Power cord to 110 volt AC wall 
socket. 
(b) X-ray cable to transformer or con- 
trol panel. 
(c) Position footswitch as it will be 
used in the procedure. 
(d) Plug programmer into remote re- 
ceptacle if it is to be used. 
(3) Turn power on. 
(a) Pilot light should glow red. 
(b) If it doesn’t glow, check the follow- 
ing: 







POWER CABLE 


X-RAY CABLE” 


1. Circuit breaker. 
2.- Drawer for complete closure. 
(4) Set interval time. 


(NOTE: If the indicator must be moved more 
than five increments or one-half of a second, 
the seriograph should be cycling to prevent 
damage to the speed control.) 

(5) Set exposure switch on intermittent 
or continuous. 

(6) Load the same number of cassettes 
that will be used in the examination. They 
should not be loaded with film for this check. 

(a) Insure that the numeral is away 
from you and to the left as you face the mag- 
azine. The indexed corner will correspond to 
an inset in the magazine. 

(b) While you are loading, check the 
cassette clips for complete closure and check 
the condition of the slot in the frame. 

(c) Check sequence; the highest num- 
ber should be loaded first. 
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EXPLODED VIEW 


Figure 12-30. Cassette Used With the San- 
chez Unit. 


(7) Depress the footswitch; observe the 
mA meter and the operation of the Sanchez. 

(8) Load cassettes with film; reload with 
sufficient cassettes for scout filming; turn 
power switch OFF until needed. 

(9) After scout filming, load the number 
of cassettes to be used in the first series of 
exposures, check control panel settings; turn 
unit OFF until needed. 


12-33. RIL 400. The RIL 400 seriograph, de- 
signed particularly for angiography of the 
extremities, has a maximum speed of one 
cassette change every 1 1/2 seconds. It uses 
special 14 X 51 inch cassettes with a maxi- 
mum capacity of five. 3 

a. Part-Film Distance. Unlike the San- 
chez-Perez, there is no provision in the RIL 
400 for raising the next cassette into posi- 
tion after the exposure. Consequently, part- 
film distance (OFD) increases with each cas- 
sette change. To offset the effects of the OFD 
and prevent loss of detail, a lony focal film 
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distance must be used. The manufacturer 
recommends 76 inches. 

b. Compensating for Different Part Thick- 
nesses and Densities. One of the problems 
encountered in radiography of entire ex- 
tremities, especially the lower ones, is the 
compensation of the exposure factors for 
different part thicknesses and densities. The 
RIL 400 system can incorporate several 
methods of compensation. 

(1) Using Progressive Intensifying 
Screens. One method of compensation is to 
use progressive intensifying screens. For 
example, a par-speed screen can be posi- 
tioned under the distal extremity (the thin- 
nest part), a high speed screen under the 
middle, and two high-speed screens under the 
proximal extremity (the thickest part). 

(2) Using Films of Various Sensitivity. 
In this case high-speed or fast film would be 
placed under the thickest or proximal part, 
medium-speed film under the middle, and non- 
screen film would be used under the distal 
extremity. Intensifying screens of the same 
speed would be used except in instances 
where non-screen film is used. 

(3) Using Progressive Grids. Another 
method of tailoring the exposure to the part 
is to use progressive girds. For example, an 8 
to 1 grid is used under the thickest part, a 12 
to 1 grid in the middle, and no grid is used 
under the thinnest part. The progressive 
grid method must be combined with another 
one, such as progressive screens to provide 
satisfactory results. 

(4) Using Density Equalization Filters 
(Wedge Filters). From the standpoint of ra- 
diation protection for the patient, density 
equalization filters are the best method of 
compensation if the filters are placed be- 
tween the tube and the part. See Section D, 
chapter 13 for details. Density equalization 
filters can be used with progressive grids in 
the RIL 400. When the filter-grid combina- 
tion is employed, progressive screens are not 
necessary. 


12-34. Elema Schonander. The Elema Schon- 
ander is a complex serial film changer with a 
wide range of capabilities. It changes films 
as fast as six per second or as slowly as one 
every 5 seconds. 

a. Film Changing Cycle. Elema Schonan- 
der manufactures film changers which use 10 
X 12 inch or 14 X 14 inch films. The films (up 
to 30) are loaded in a magazine which is di- 
vided into 30 separate compartments by wire 
frames. Each film fits into an individual com- 
partment. 
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READ THE OPERATING INSTRUCTIONS IN THE PROGRAMMER SERVICE 


MANUAL BEFORE ATTEMPTING TO USE THIS EQUIPMENT THIS PROGRAMMER . 
DESIGNED FOR USE WITH THE AUTOMATIC SERIOGRAPH; IT MUST NOT . 

BE CONNECTED TO ANY OTHER POWER SOURCE. ALWAYS ROTATE THE 

PROGRAMMER POWER SWITCH TO OFF BEFORE CONNECTING THE PROGRAMMER 

CARLE TO THE SERIOGRAPH REMOTE CONTROL RECEPTACLE NEVER 

CONNECT THE PROGRAMMER DIRECTLY TO A 1/5 VOLT POWER SOURCE. 


Operating Power Requirement 





Figure 12-31. Sanchez-Perez Programmer. 


(1) During the film changing cycle two 
feeding arms reach into the magazine 
through holes in its front and flip a film up- 
ward. Just above the magazine, the film is 
caught by a large transport roller and car- 
ried to a point between two intensifying 
screens. The screens then press together to 
establish good screen contact. 

(2) After an exposure is made, the 
screens release the film. A small pickup roll- 
er presses the film against a second large 
transport roller, which carries the exposed 
film to the receiver. 

b. Programmers. Elema  Schonander 
builds several programmers to control their 
serial film changers. This allows a variety of 
programs to fit almost any clinical situation. 
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ce. Cleanup of Secondary and Scattered 
Radiation. Stationary grids are used to 
clean up secondary and scattered radiation. 
Grids of several different ratios are availa- 
ble, and they can be changed to suit a partic- 
ular examination. 


12-35. Franklin F200.The Franklin F200 var- 
iable speed film changer is a roll film device 
designed for general angiography. It has a 
speed range of from one to six films per sec- 
ond. The Franklin magazine holds roll film 14 
inches wide. Rolls are available in 40 and 50 
foot lengths. One exposure is made on an 
area 11 X 14 inches. A 50-foot roll provides 
54 of these exposure “frames” and a 40-foot 
roll has 43. 
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Chapter 13 
SPECIAL TECHNIQUES 


SECTION A—OBSTETRICAL  RADIO- 
GRAPHY 


13-1. Introduction. Such physical factors as 
unnatural fetal position, incompatibility of 
fetal and pelvic sizes, displacement of the 
placenta, et cetera, present serious obstetri- 
cal problems. Comprehensive evaluation of 
such complications, which almost invariably 
includes accurate radiographic examination 
of the fetus and pelvis, is required to deter- 
mine the optimum course of action. The radi- 
ographic techniques employed for such ex- 
amination range from arteriographic stud- 
ies to standard abdominal radiography. 
Since determination of fetal position (fetog- 
raphy), localization of the placenta (placen- 
tography), and measurement of the fetal 
head and pelvis (pelvimetry) are most fre- 
quently requested, discussion, here, is con- 
fined to these examinations. 


13-2. Radiation Hazards. Ionizing radiation, 
even in the small amounts used for these re- 
latively uncomplicated procedures, 1s poten- 
tially dangerous to mother and child. Conse- 
quently, certain bioradiologic considera- 
tions must be taken into account prior to, 
and during, the procedural phase of obstetri- 
cal examinations. 

a. Bioradiologic Considerations. Ionizing 
radiation, such as that produced by medical 
X-ray tubes, causes irreversible alterations 
in the cellular structure of organic tissue. 
Such alteration (the degree of which is di- 
rectly proportional to the amount of radia- 
tion absorbed) may produce far-reaching 
effects. Among these are sterility, mutation, 
and death. Since gonadal and immature 
growing tissue is highly susceptible to alter- 
ation, the pregnant female and her unborn 
child are extremely vulnerable to permanent 
damage resulting from overirradiation dur- 
ing radioobstetrical examination. Conse- 
quently, every effort is made to insure that 
they receive the absolute minimum of radia- 
tion during such examination and that expo- 
sure of the fetus, or overexposure of mother 
does not occur. The protective measures 
employed for these purposes include selee- 
tive timing of radiographic examination, and 
the use of all radiation protection devices 
and techniques available. 


b. Timing of the Radioobstetrical Exami- 
nation. The fetus, although radiographically 
demonstrable at about 7 weeks, is extremely 
sensitive to ionizing radiation during the 
first trimester of pregnancy. Consequently, 
the obstetrician, or radiologist, will not re- 
quest abdominal radiography during this 
period unless some serious complication de- 
velops. During the second trimester the fetus 
1s somewhat less sensitive; but again, all but 
absolutely essential abdominal radiography 
is usually deferred. As a rule, all radioobste- 
trical examinations are restricted to the last 
trimester, and more particularly to the last 2 
weeks of pregnancy. Animal experimenta- 
tion has established that the fetus is least 
sensitive to lonizing radiation at this state 
of development. This is not meant to imply 
that the unborn child is desensitized at this 
time, but rather that he is less sensitive than 
he was at any previous time. Thus, extreme 
care must be taken to employ the least 
amount of radiation possible during exami- 
nation. 


c. Radiation Protection Devices and Tech- 
niques. There is no way to completely pro- 
tect the fetus from ionizing radiation and 
still accomplish the objectives of radioobste- 
trical examination. Consequently, some sort 
of compromise must be reached whereby the 
unborn child is demonstrated radiographi- 
cally, but not unduly irradiated. The use of 
high-kilovoltage techniques and high-speed 
screens and film provide a portion of the so- 
lution to the problem. Such techniques and 
equipment produce adequate radiographic 
detail with a minimum of radiation. Using 
12:1 or 16:1 grids in an efficient bucky will 
effectively “clean up” SR and thus enhance 
film quality. Standard filtration and precise 
collimation of the primary beam also serve 
to provide protection for both mother and 
fetus. The filter effectively homogenizes the 
beam by absorbing those rays of long wave- 
length, reducing the amount of radiation 
absorbed by the tissues of the maternal ab- 
domen as well as those of the fetus. Precise 
collimation restricts the area of exposure, 
reducing the amount of tissue irradiated. 
These devices and techniques, however, pro- 
vide only half of the solution to the original 
problem. Procedural precision represents 
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the remaining half, entailing accurate ac- 
complishment of the examination the FIRST 
time. Correctly position the patient, the film, 
and the tube and determine an exact radi- 
ographic technique BEFORE making an 
exposure. There is no room for technical er- 
ror when accomplishing the radioobstetrical 
examinations. The number of exposures 
must be kept at an absolute minimum, one 
for each of the prescribed positions. For 
example, pelvimetry usually requires demon- 
stration of the pelvis and fetal head in the 
AP and lateral positions. Consequently, pel- 
vimetry is limited to two exposures. RE- 
PEATS ARE INEXCUSABLE! One repeated 
film will negate ALL of the protective meas- 
ures taken up to that point. Remeber this, as 
well as the reasons for radiation protection 
and the measures employed. 


13-3. Fetography. Radiographic determina- 
tion of fetal position and condition is accom- 
plished via fetography. This examination, 
which entails nothing more than standard 
abdominal radiography, usually involves the 
production of a single AP projection. 

a. Primary Purpose of Fetography. Fe- 
tography is usually accomplished to demon- 
strate fetal position, general condition, and 
age. Normally, the fetus is positioned low in 
the abdomen, head down, and the arms and 
legs bent upon the body. However, malrota- 
tion occasionally occurs and the baby may 
be inverted, head up, buttocks down. This is 
called a “breech” presentation. It compli- 
cates the nechanics of labor and the delivery 
procedure. There are several other varia- 
tions in fetal presentation, but all may be 
demonstrated by fetography, thus alerting 
the obstetrician to the possibility of a com- 
plicated delivery. 

b. Other Diagnostic Considerations. Con- 
dition and age of the fetus may also be deter- 
mined from the single radiograph. Since the 
fetal skeleton is usually well defined, such 
anomalous conditions as agenesis of an ex- 
tremity (or extremities, as was the case with 
the ‘“‘Thalidamide Babies’) and monstrosi- 
ties are clearly demonstrated. Multiple fe- 
tuses are also “positively” determined. The 
radiologist may reasonably estimate fetal 
age from demonstration of ossified growth 
centers, such as the distal femoral epiphysis. 
Thus, he may be able to confirm (or rule out) 
an estimated delivery date calculated by the 
obstetrician. However, to do so he must be 
able to clearly see the growth centers. 
Should they be superimposed over osseous 
tissue of the mother, he might ask for an 
oblique or lateral projection in addition to 
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the standard AP. These radiographs are 
made in either the standard manner, or one 
specifically described by the radiologist. 

c. Patient Positioning. The positioning 
factors are the same as those for the KUB. 
Therefore, when asked to produce a feto- 
gram, place the patient in the supine posi- 
tion on the table. Be sure that the median 
plane of the patient is aligned with the cen- 
terline of the table, and that her shoulders 
and hips are parallel with each other. 

d. Alternative Positions. When fine fetal 
detail is required, the necessary radiograph 
may be made with the patient in the prone 
position. 

(1) When so directed, load the Bucky 
tray and then align the tube so that the CR 
is directed to the center of the film. 

(2) Place several layers of folded sheets 
across the table at either end of the bucky. 
They will serve to support the patient’s 
weight without compressing the fetus. 

(3) Have the patient assume the prone 
position, and arrange the sheets so that they 
support her thorax and thighs. 

(4) Realign the film so that. the entire 
fetus will be demonstrated, and recenter the 
CR. 


(5) When the tube-part-film alignment is 
correct and the FFD adjusted, make the ex- 
posure in the same manner described for the 
AP projection. Since the fetus lies in the an- 
terior portion of the abdomen, the prone pos- 
ition places it closer to the film, and thus ra- 
diographic detail 1s enhanced. 


e. Radiographic Procedure: 

(1) Place a 14 X 17 inch cassette length- 
wise In the bucky tray and position it so that 
its inferior margin is aligned with the sym- 
physis pubis. 

(2) Direct the CR to the center of the 
film. FFD is critical for all radioobstetrical 
procedures because of the magnification fac- 
tor, so be sure to use the distance prescribed 
by the radiologist. 

(3) After selecting the CORRECT tech- 
nique, tube-part-film alignment, and the 
FFD, have the patient suspend inspiration 
and make the exposure. (NOTE: Respiration 
of the mother can be controlled and fetal and 
visceral cessation may be determined by ask- 
ing the mother to inform you when fetal 
movement is stopped. Fetal movement can 
also be controlled by having the mother in- 
hale several deep breaths (hyperventilation) 
immediately before exposure. The short ex- 
posure times used with high-kVp techniques 
and use of high-speed screens and film can 
aid in control of this undesirable motion.) 


\— 
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(4) Immediately process the film and 
show it to the radiologist. He will evaluate it 
and, if it provides the necessary informa- 
tion, will dismiss the patient. 


13-4. Placentography. Radiographic localiza- 
tion and demonstration of the placenta is 
referred to as placentography. As a rule, 
this examination entails application of 
standard soft-tissue technique and the pro- 
duction of a single, lateral projection of the 
abdomen. 

a. General Considerations. The placenta 
occupies a position between the fetus and the 
inner surface of the uterine wall. As a rule, it 
is either anteriorly or posteriorly situated 
and may be demonstrated on a lateral projec- 
tion. At times, however, it occupies an inferi- 
or position, resting between the fetus and 
the cervix. When this is the case, the condi- 
tion is referred to as placenta praevia, a 
rather serious obstetrical complication. Pla- 
centography is employed to rule out or to 
substantiate the condition. In either case, 
the obstetrician is advised of the location of 
the placenta prior to the onset of labor. 

b. Patient Positioning: 

(1) When doing a procedure for a placen- 
togram, place the patient in a true lateral- 
recumbent position on the table. 

(2) Center the distended abdomen over 
the centerline of the table with the knees 
flexed and arms bent to help sustain the posi- 
tion. 

(3) Place a 14 X 17 inch cassette in the 
Bucky tray and position it so that the entire 
curvature of the abdomen will be projected 
onto the film. 

ce. Radiographic Procedures: 

(1) Direct the CR to the center of the 
cassette. 

(2) Adjust the FFD according to the ra- 
diologist’s preference. 

(3) Use the technique established for 
your department. (The radiographic tech- 
nique employed for placentography is usual- 
ly one designed to delineate the soft tissues 
of the abdominal wall and uterus. As a rule, 
moderately high kVp and relatively low mAs 
produce optimum contrast. Use of an equali- 
zation filter is advised, if available, to insure 
uniform density of the radiograph.) 

(4) Make the exposure on suspended in- 
spiration. 

(5) Immediately process the film and 
show it to the radiologist. If he can deter- 
mine the location of the placenta, he will 
dismiss the patient. If not, he may ask for an 
AP projection using a similar, soft-tissue 
technique. 
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13-5. Pelvimetry. Normal delivery is depend- 
ent upon many factors, one of which con- 
cerns the size relationship between the fetal 
head and the true pelvis. When the former 
exceeds the latter, serious problems can re- 
sult. Consequently, accurate measurement 
of these structures is essential for determi- 
nation of the safest approach to delivery. 
The radioobstetrical examination employed 
for such measurement is referred to as pelvi- 
metry. While there are several ways of ac- 
complishing pelvimetric examination, 
(Thom’s, Snow’s, Ball) the method advanced 
by Drs. Colcher and Sussman and the flat- 
abdomen technique are presented in detail. 

a. The Colcher-Sussman Method. The 
Colcher-Sussman method of pelvimetry in- 
volves radiographic demonstration of a spe- 
cial measuring device, or pelvimeter, on 
standard AP and lateral projections of the 
pelvis. 

(1) The Pelvimeter. As illustrated in 
figure 13-1 the pelvimeter consists of a base 
and a vertically situated cylinder, an arm, a 
perforated stainless steel ruler, and two 
setscrews. The cylinder is graduated in 1-em 
increments,ranging from the 20-cm mark at 
the top, to one of 5 cm at the bottom. Holes 
have been drilled in the base of the arm to 
allow passage over the cylinder. Thus, the 
arm is adjustable and may be raised or low- 
ered to any position on the cylinder. It is 
locked in place by means of a setscrew locat- 
ed in its posterior surface. The stainless- 


Figure 13-1. Pelvimeter. 
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steel ruler is 15 em long and perforated at 1- 
em intervals. It is locked to the arm by 
means of a setscrew, but may be rotated 360° 
along a horizontal plane. 


(2) Patient Positioning and AP Proce- 
dure: 

(a) Have the patient assume the sup- 
ine position on the table, midline of the pa- 
tient centered to the centerline of the table, 
and the shoulders parallel with the hips. 

(b) Have her flex her knees and abduct 
the thighs. 

(c) Place the ruler as close to the peri- 
neum as possible, and lock it in position at 
the level of the ischial tuberosities. (When 
the patient is supine, these bony promin- 
ences are usually situated 10 cm inferior to 
the symphysis pubis. Therefore, place the 
‘ruler at level of the symphysis pubis, then 
lower it 10 em and place it as close to the per- 
ineum as possible.) 

(d) Place a 14 X 17 inch cassette cross- 
wise or lengthwise in the Bucky tray and 
position it so that its center is directly below 
the symphysis. 

(e) Direct the CR through the sym- 
physis to the center of the film. 

(f) Adjust the FFD in accordance with 
the procedures established for your depart- 
ment. (NOTE: 36” or 40” distances are most 
frequently employed.) 

(g) Make the exposure on suspended 
expiration. (Prior to exposure, have the 
mother hyperventilate and/or indicate when 
cessation of fetal movement occurs.) Figure 
13-2 schematically illustrates the relation- 
ship between the pelvis and the pelvimeter, 
the CR, and the film. The resultant radi- 
ograph is shown in figure 13-3 





Figure 13-2. Pelvimeter in Position for AP 
Radiograph. 
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Figure 13-3. Radiograph of AP Position. 


(3) Patient Positioning and the Lateral 
Procedure: 

(a) After the AP has been made, have 
the patient assume the lateral recumbent 
position. 

(b) Center the greater trochanters to 
the centerline and slightly flex the legs. 

(c) Place a small pillow, sandbag, po- 
lyfoam block, or a couple of folded sheets 
under the midportion of the lumbar spine, 
between the knees and ankles, and under the 
inferior ankle. This arrangement aids in 
attaining a true lateral position and also 
serves to make the patient a bit more com- 
fortable. The pelvis must be placed in a true 
lateral position, if accurate pelvic measure- 
ments are to be obtained. The spine must be 
straight, the iliac crests, sciatic notches, and 
femoral heads must be superimposed. The 
symphysis pubis must not be covered by the 
femurs or thighs. Flexion of the legs will in- 
sure radiographic demonstration of the 
symphysis pubis as well as providing addi- 
tional immobilization of the patient. 

(d) Some physicians prefer the lateral 
in the upright position. The procedure is bas- 
ically the same as the recumbent lateral. The 
main difference is that the pelvimeter must 
be secured (taped to the X-ray table top or 
the perforated ruler must be removed from 
the pelvimeter and taped between the gluteal 
folds. 

(e) When the patient is positioned, 
adjust the arm and ruler of the pelvimeter so 
that the latter corresponds to the level and 
angle described by the crease between the 
gluteal folds. 
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(f) Place the ruler between the folds. 

(g) Place a 14 X 17 inch cassette 
lengthwise or crosswise in the Bucky tray 
and positioned so that its center is directly 
below the femoral heads. 

(h) Direct the CR through the greater 
trochanters to the center of the film. NO 
change is made in the FFD. Exposure is 
again made in suspended expiration. Figure 
13-4 shows the relationship between the pel- 
vis and the pelvimeter, CR and the film. The 
resultant radiograph is shown in figure 13-5. 


(4) Film Evaluation. When the films 
have been processed, the radiologist or ob- 
stetrician will evaluate them and compute 
the diameter of the true pelvis and the size of 
the fetal head by taking measurements di- 
rectly from the radiographs. This is made 
possible by the fact that the pelvimetric rul- 
er is magnified to the same degree as the 
bony structures. Therefore, the physician 
has but to transcribe the projected perfora- 
tions of the ruler to a piece of paper, to pro- 
duce an accurate device with which to meas- 
ure the distances between salient points. In 
essence, the corrective factor has been 
“built-in” by demonstrating the ruler and 
the pelvis on the same radiograph. The ruler 
serves to delineate the midpelvic plane. The 
physician will measure the pelvic inlet, mid- 
pelvis, and pelvic outlet, taking his measure- 
ments from both films. From these dimen- 
sions, he may determine the diameter of the 
true pelvis. The fetal head may be measured 
ina similar manner, but only when it rests in 
the midline. When it does not, a different 
method of measurement is employed. Com- 
parison of the two sets of dimensions will 
result in determination of the adequacy or 
inadequacy of the true pelvis; thus a safe 
course of obstetrical action may be estab- 
lished. 

b. Flat-Abdomen Technique. In recent 
years, many radiologists have resorted to 
taking only an AP film of the abdomen for 
pelvimetry measurement. From the technolo- 
gist’s point of view, the requirement is that a 
perfectly centered and leveled position be 


Figure 13-4. Pelvimeter in Position for Lat- 
eral Radiograph. 
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Figure 13-5. Radiograph of Lateral Position. 


used. Both hips must be included and the 
technique perfect. This type of pelvimetry is 
computed on a chart available to all radiolo- 
gists. The measurements are taken from the 
distance between the two greater trochan- 
ters. This procedure decreases the total-dose 
rate to the patient by about 75 percent and 
is very simple and painless. Before it is at- 
tempted, the radiologist should be consulted 
and a technique worked out with him. 


SECTION B—PORTABLE RADIOGRAPHY 


13-6. Introduction. At times it is necessary to 
perform radiographic examinations outside 
the radiology department. One common site 
for these examinations is in the patient’s 
room on the ward. He may be seriously ill, in 
isolation, in traction, or incapacitated in 
some other way that prevents him from com- 
ing to the department. Another place where 
portable procedures are frequently accom- 
plished is in the surgical suite. In this case 
the examinations are performed in conjunc- 
tion with surgical procedures. Two examples 
are mechanical fixation of fractures and cho- 
lecystectomy. 


13-7. Portable X-ray Machines. Portable X- 
ray units vary considerably from hospital to 
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hospital. They differ in tube capacity, recti- 
fication, design, et cetera; therefore, this 
section will not attempt to describe any 
particular portable units. The radiologic 
technologist should become familiar with the 
unit in his department by studying the man- 
ufacturer’s operational instructions. A mod- 
ern portable X-ray machine is shown in fig- 
ure 13-6. 


a. One special area of concern is whether 
the unit is explosion-proof or not. An explo- 
sion-proof unit is designed and manufac- 
tured for use in an explosive atmosphere, 
such as in the operating room, when cyclo- 
propane, an explosive gas, is being used for 
an anesthetic. If the unit is not explosion- 
proof, it should not be used in such an atmos- 
phere. 

b. This safety precaution cannot be over- 
emphasized because of the hazard that ex- 
ists with explosive gases. Even a minor 
spark is enough to cause an explosion that 
could seriously injure personnel in the imme- 
diate area. If there is any doubt as to the re- 
liability of the equipment used around explo- 
sive gases, discuss the situation with the 
anesthetist and with medical equipment re- 
pairmen. Do not assume the equipment is 





Figure 13-6. Portable X-ray Machine. 
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safe simply because it has been used safely 
in the past. 


13-8. Radiation Protection. The radiation 
hazard in portable radiography is potential- 
ly greater than in the conventional exposure 
room in the radiology department. This haz- 
ard is greater because portable examina- 
tions are usually conducted in areas that 
have no protective barriers. For this reason 
exposure to the technologist will be in- 
creased somewhat over exposures received in 
the department. The technologist can, how- 
ever, keep exposure down to a minimum for 
himself, the patient, and others who are 
needed in the area by following a few simple 
rules. (It should be noted that most of the 
protective measures mentioned here are not 
limited to portable radiography but should 
be practices in the radiology department as 
well.) 

a. Standing Clear of the Primary Beam. 
Because of the difficulty involved in position- 
ing and immobilizing certain patients, tech- 
nologists may be tempted to expedite an 
examination by holding the patient or film 
holder with one hand while making the expo- 
sure with the other. Do not engage in this 
sort of practice. Use personnel who are not 
occupationally exposed to radiation to assist 
you in holding the patient and film holder 
and stay clear of the primary beam. 

b. Using the Inverse Square Law. Always 
stand as far as possible from the tube and 
patient when making an exposure. By doing 
this you will be taking advantage of the in- 
verse square law. For example, if you stand 6 
feet from the tube, your exposure would be 
about 25 percent of the amount you would 
receive standing 3 feet from the tube. 

c. Using Beam Restricting Devices. If the 
portable unit is equipped with a collimating 
device, use it to restrict the primary beam to 
the size of the film. If no collimator is availa- 
ble, use a cone, cylinder, or diaphragm to 
reduce the primary beam to the film size. 
Restricting the primary beamis a protective 
aid in two ways. It reduces the amount of SR 
by reducing the exposed areas which produce 
the SR. In addition, it will reduce the radia- 
tion exposure to the patient. (Radiographic 
detail will also be enhanced because of the 
reduction of film fog due to SR.) 

d. Wearing Protective Devices. Technolo- 
gists should wear a lead apron when making 
the exposure. When worn properly, the 
apron will shield a major portion of the body 
from radiation. Insure that personnel assist- 
ing you in holding the patient and film holder 
are also protected with lead aprons and 
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gloves. As mentioned before, use only per- 
sonnel not occupationally exposed to ioniz- 
ing radiation. All others in the area not es- 
sential to the examination should be asked to 
leave until after the examination is complet- 


e. Wearing the Film Badge. The impor- 
tance of the film badge takes on added signif- 
icance during portable examinations be- 
cause of the increased radiation hazard. Be 
sure to wear it and wear it properly. 

f. Rotating Personnel. When practical, it 
is advisable to rotate personnel operating 
portable equipment so that no one technolo- 
gist operates the unit permanently or for 
extended periods. This policy is particularly 
important when numerous portable exami- 
nations are performed day after day. 


13-9. Film Holders, Grids, and the Bantam 
Bucky.The choice of film holders can play an 
important role in the quality of the finished 
radiograph made by portable examination. 
SR, as it affects film quality, must also be 
considered because the examinations are not 
limited to small parts, the chest, or other 
areas where SR is not a problem. 

a. Film Holders. As a general rule, porta- 
ble examinations should be done using screen 
technique. One reason for this is that mini- 
mum exposure times are possible when using 
intensifying screens. Since patients involved 
in portable examinations are frequently not 
able to cooperate in remaining motionless, 
fast exposure times can be a valuable asset 
in reducing part movement. Another reason 
cassettes are advantageous is that the mAs 
required for nonscreen exposures might ex- 
ceed the capacity of the unit. Finally, cas- 
settes can better withstand the weight in- 
volved in some portable examinations. 

b. Grids. Grids (either portable or grid 
cassettes) should be used for all examina- 
tions where SR might pose a problem. An 
unfocused grid is recommended for general 
use because you frequently are unable to use 
the FFD required by a focused grid. This is 
not to say that a focused grid cannot be 
used. On the contrary, excellent results can 
be obtained with a focused grid when per- 
forming examinations where the FFD can be 
determined beforehand. An example would be 
with an operative cholangiogram. For gener- 
al use, however, when the exact circum- 
stances are not known, an unfocused or par- 
allel grid should be used. 

c. The Bantam Bucky. A modified version 
of the Potter-Bucky diaphragm, used in fixed 
machines within the radiology department, 
can be used for portable examinations of 
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heavier body parts. The device is called a 
Bantum Bucky. Shown in figure 13-7, it con- 
sists of a 10 X 12 inch grid and a spring- 
loaded drive mechanism and film tray housed 
in a frame. It will accommodate cassettes up 
to and including 10 X 12 inches. The time of 
grid movement can be selected by turning 
the timer knob to the desired position. Since 
the Bucky must be moving until after the 
exposure terminates, the time set must ex- 
ceed the timer setting on the portable unit. 
An excessively long setting will produce 
“Bucky lag,” in which the grid is moving so 
slowly that grid lines can be seen on the film. 
Once the timer has been set, the drive mecha- 
nism is cocked by pulling the large ring, and 
the Bucky is ready for operation. For me- 
chanical operation the Bucky is tripped 
manually to start the grid motion. Since the 
grid must be in motion before the exposure 
begins, the trigger should be pulled prior to 
actuating the exposure switch. Electrical 
operation is possible when the Bantam 
Bucky is used with newer portable units by 
attaching an extension cord from the electri- 
cal outlet on the Bucky to the unit. Grid 
movement, in this case, is initiated in con- 
junction with the exposure. 


13-10. Bedside Radiography. It is difficult to 
establish definite procedures for bedside 
examinations because of the unpredictable 
conditions of patients. A procedure that 
works perfectly for one patient may not 
work for another. Therefore, the technolo- 
gist must decide upon the best course of ac- 
tion depending on the circumstances. Some 
common sense rules, however, will apply in 
most cases. 

a. It is good practice (whenever the pa- 
tient’s condition permits) to go into his room 
and introduce yourself to him before you 
take in the portable unit. The abrupt en- 
trance of a technologist propelling a large, 
strange machine may alarm some patients 
unless they have been told to expect this. 





Figure 13-7. Bantam Bucky. 
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b. If IV fluids are being administered, use 
care in preparing the patient and the bed for 
the examination. Rough handling of either 
may cause the needle to become dislodged 
from the vein and the fluid to infiltrate the 
surrounding tissue. Be extra careful with 
other devices that may be in use such as suc- 
tion apparatus, traction devices, et cetera. 

c. If the patient is in an oxygen tent, have 
the nurse turn off the oxygen and open the 
tent facing. While oxygen alone does not 
burn, it most certainly supports combustion. 

d. When positioning the patient, make 
modifications in accordance with his condi- 
tion and the limitations of the portable unit. 
For example, to project a lateral knee on a 
patient who cannot rotate the leg into the 
ordinary lateral position, raise the knee 
slightly and support it with a pillow; then 
place the cassette on edge and align the tube 
from a horizontal position. 

e. When a bedside examination is accom- 
plished on a patient in isolation, the portable 
unit and all accessory equipment must be 
cleaned afterwards. The ward will provide 
the solution, usually Wescodyne (a bacterio- 
cidic cleansing agent) or isopropyl alcohol. 


13-11. Surgical Radiography. On occasion, 
radiographic procedures are part of a surgi- 
cal routine. Such surgical procedures as cho- 
lecystectomy, fracture reduction, and/or 
mechanical fixation, for example, usually 
require radiographic support. In such cases, 
the radiographic examinations are conduct- 
ed in the operating room under sterile condi- 
tions. 

a. Equipment Safety. As mentioned ear- 
lier, the portable unit must be explosion- 
proof if explosive gases are used in the oper- 
ating room. The technologist must also in- 
sure that any additional devices, such as the 
Bantam Bucky, do not constitute an explo- 
sive hazard. 

b. The Explosion-Proof Plug. The explo- 
sion-proof plug and its receptacle, illustrat- 
ed in figure 13-8, are safety devices that 
must be used in the operating room to pre- 
vent an explosion or a fire due to arcing. 
They are electrical connective devices, con- 
sisting of a male and female plug joined to- 
gether by connective wires, all of which are 
heavily and specially insulated. For maxi- 
mum safety the explosion-proof plug should 
be permanently mounted to the power cable 
of the portable unit such as illustrated in 
figure 13-9. If the plug is connected to the 
power cable as illustrated in figure 13-10, its 
purpose is defeated and arcing becomes a 
reality. 
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Figure 13-8. Explosion-Proof Plug and Re- 
ceptacle. 


ce. Location of Power Source. The power 
source in the operating room is located be- 
tween 4 and 5 feet above floor level to pro- 
vide an added safety factor. The anesthetic 
gases are heavier than air and in case of 
leakage settle to the floor. An electrical arc, 
or spark, at floor level, as would be the case 
with conventional floor level receptacles, 
cond produce a devastating explosion or 

re. 

d. Surgical Attire. When working in the 
operating room, the technologist must be 
clean and as free from bacteria as possible, 
short of sterilization. Consequently he must 
change from street clothes or “whites’”’ into 
surgical clothes, which consist of shirt, trou- 
sers, cap, mask, and conductive boots. Fem- 
ale attire consists of a one-piece cotton dress 
which snaps up the back and is belted by cot- 
ton ties. Since one purpose of the cotton 
dress is to prevent the buildup of static elec- 
tricity, nylon undergarments must not be 
worn. 
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13-9. Correct Connection of Explo- 
sion-Proof Plug. 


EXPLOSION- PROOF PLUG — 


Figure 13-10. Incorrect Connection of Explo- 
sion-Proof Plug. 
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e. Cleaning the Machine. The portable 
unit must be cleaned before it is taken into 
the operating room. This cleaning consists 
of washing it down with an antiseptic agent. 
Wescodyne or 70 percent isopropy! alcohol 
may be used. When washing the unit, give 
special care to the tube housing, the accesso- 
ry devices on the tube housing, and to the 
tube arm. These portions of the machine will 
be over the sterile field so they must be com- 
pletely clean. 

f. Performing the Examination. As with 
bedside radiography it is difficult to estab- 
lish set procedures for surgical radiography. 
Different surgeons require different projec- 
tions, variation in numbers of film, et cetera. 
The requirements also vary with identical 
examinations, depending upon the suspected 
pathology. The technologist, therefore, must 
vary his procedure according to the desires 
of the surgeon. Some of the following princi- 
ples will apply in certain cases. 

(1) Offer lead aprons to all members of 
the surgical team. If the team member must 
work under sterile conditions, it will be nec- 
essary for him to don his apron before put- 
ting on the sterile gown. Some members of 
the team may not want a protective apron, 
but it is a good idea to offer one anyway. 

(2) Make a scout film whenever possi- 
ble. This will help to insure that the patient 
is properly positioned and that the exposure 
factors are correct. 

(3) Coordinate the exposure with the 
anesthetist. Rember, he controls the pa- 
tient’s breathing, so he must stop the brea- 
thing before the exposure. 

(4) Process the films as quickly as possi- 
ble and return them to the surgeon. 


SECTION C—XERORADIOGRAPHY* 


13-12. Introduction. Xeroradiography (dry 
radiography) is the production of an image 
using a photoconductor, electrostatic 
charges, X-rays, and developing powder. The 
process does not require “wet” processing as 
does conventional radiography, and the 
characteristics of the image are different 
from those of a conventional radiograph; 
that is, the areas which appear “white” on a 
radiograph appear “dark” on the exeroradi- 
ograph. In addition, a exeroradiograph can 
be viewed by almost any source of light. 


*From Xeroradiography of the Breast by 
John N. Wolfe. Copyright 1972 by Chalres C. 
Thomas, Publisher. Adapted by permission 
of the publisher. 
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Xeroradiography is similar to conventional 
radiography in some respects. During X-ray 
exposure the two methods are identical ex- 
cept that the exeroradiographic cassette 
does not contain a film. In place of the film 
there is a charged plate. Figure 13-11 shows 


RADIOGRAPHY XERORADIOGRAPHY 












OBJECT 


X-RAY 
TABLE 
as 





CASSETTE WITH 
RADIOGRAPHIC FILM 














CASSETTE WITH 


CHARGED PLATE 


Figure 13-11. Comparison Between Conven- 
tional Radiography and Xero- 
radiography. 


a comparison of the two methods during X- 
ray exposure. Once the charged plate has 
been exposed, it must also be “developed”’. 
Development is accomplished by spraying a 
charged plastic powder, called toner, on the 
charged plate. The resulting image is then 
transferred to paper by electrostatic means. 
Figure 13-12 shows the steps involved in 
xeroradiography as compared to the steps 
necessary to produce a conventional radi- 


ograph. 


13-13. Xeroradiographic Plate. The xeroradi- 
ographic plate consists of a sheet of alumi- 
num, upon which has been placed a thin layer 
of a photoconductor (vitreous selenium). The 
plate is covered with a thin layer of plastic 
to protect it from abrasions. Before the 
plate 1s loaded into the cassette for the X- 
ray exposure, the selenium must be given a 
positive electrostatic charge. This is accom- 
plished by advancing it under a fine bare 
wire which is maintained at a positive poten- 
tial of 7,000 to 8,000 volts.The result is the 
deposition of a uniform layer of positive ions 
upon the selenium. The charged plate is now 
ready to be loaded into the cassette. The cas- 
sette protects the plate from ambient light 
(which would prematurely discharge the pos- 
itive electrostatic charge of the selenium) 
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Figure 13-12. Comparison Between Radi- 
ographic Process and Xerora- 
diographic Process. 


and prevents contact between the selenium 
and the object being xeroradiographed. 


13-14. The Exposure. As previously men- 
tioned, the X-ray exposure is carried out in 
much the same manner as an exposure for a 
conventional radiograph. The events that 
occur when X-rays strike the selenium layer 
are complex, but basically what happens is 
that the X-rays give rise to charge-carrier 
pairs inside the selenium layer. The charge 
carriers then discharge the original positive 
charge of the selenium. The degree to which 
a particular portion of the selenium layer is 
discharged depends upon the intensity of the 
radiation striking that portion—the greater 
the intensity, the greater the discharge. 
Since absorption of X-ray photons in the 
part being examined varies depending upon 
the thickness/density of the structure, the 
positive charge remaining on the selenium 
varies accordingly. Where the X-ray photons 
are readily absorbed (as in bone), the re- 
maining charge will be relatively high. 
Where the photons easily penetrate the 
structures (as in fatty tissue), the remaining 
charge will be relatively low. Consequently, 
variations in tissue thickness and density 
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are represented on the plate surface as vari- 
ations in the charge. The charge pattern 1s 
called the electrostatic latent. 


13-15. Development. The latent image is made 
visible by inserting the cassette into the 
development unit and removing the plate. 
Negatively charged powder, called toner, is 
then blown against the selenium surface. 
Since the toner has a negative charge, and 
the plate surface has a positive charge, the 
toner is deposited upon the selenium surface. 
In addition, the deposition of the toner will 
not be uniform because the remaining 
charge upon the selenium is not uniform. 
More toner will be attracted where the 
charge is high and less toner will be attract- 
ed where the charge is low. In effect, the la- 
tent image has been made visible by the dep- 
osition of the toner upon the plate surface- 
Figure 13-13 shows the charged xeroradi- 
ographic plate (A), the effect of X-ray inten- 
sity upon the charge (B), and the deposition 
of the toner (C). 


13-16. Transfer.The next step is to transfer 
the toner image to paper. This is accom- 
plished by electrostatic means. The attrac- 
tion between the toner and the selenium is 
reduced by spraying the plate with negative 
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Figure 13-13. Charged Plate Showing Influ- 
ence of X-rays on the Charge 
and Deposition of Toner. 
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ions. A sheet of plastic-coated paper is 
placed on the toner image. The back of the 
paper is charged with positive ions which 
attracts the toner away from the selenium 
and onto the paper. 


13-17. Fusing.The final step before interpre- 
tation of the xeroradiograph is to secure the 
toner to the paper. Heating the paper sof- 
tens the plastic coating causing the toner 
particles to become permanently encapsulat- 
ed. 


13-18. Cleaning and Relaxation.Before the 
plate is charged again for reuse, the remain- 
ing particles of the toner must be removed. 
They are removed by a revolving cleaning 
brush, which is soft enough to avoid abra- 
sive damage to the plate. In addition to being 
cleaned the plate must undergo one final step 
called relaxation. Relaxation, consisting of 
heating the plate to 135°F for 30 to 40 sec- 
onds, is necessary to prevent “ghosting,” 
which is a faint carryover of the image to 
the next xeroradiograph. 


13-19. The Xeroradiograph.The toner used in 
xeroradiographic image is depicted as var- 
ious shades of blue. Bone and calcifications 
appear deep blue; whereas, fatty tissue ap- 
pears pale blue. The background on a xero- 
radiograph is white. Notice that these char- 
acteristics are opposite from those of a con- 
ventional radiograph, in which bone appears 
white and the background is black. 


13-20. Advantages and Applicat- 
ions. Xeroradiography offers some advan- 
tages over conventional radiography in 
examinations where soft tissue detail is im- 
portant. Its chief application at the present 
time is in mammography, although it is 
being used for other examinations, such as 
foreign body localization and radiography 
of bone specimens. In mammography the 
xeroradiograph offers greater resolution, 
thereby permitting identification of smaller 
structures, especially tumor calcifications. 
Another major advantage is that the entire 
breast is shown in good detail on one image. 
As you know, with conventional mammo- 
grams the image is not uniformly recorded 
because of the characteristic “tapering” of 
the breast. 


13-21. Technical Factors.The xeroradiogra- 
phic plate is considerably less sensitive to 
radiation than radiographic film used with 
intensifying screens. Consequently, applica- 
tions may be impractical when intensifying 
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screens are used because of the increase in 
exposure. Plate sensitivity is about the same 
as film used without intensifying screens. 
Suggested “starting” technical factors for 
mammography are as follows: 


Distance - 30” 

Filtration - .5 mmal. (total) 

mAs - 450 

kVp - 34 to 42 (depending upon 


breast size, view, etc) 


SECTION D—DENSITY EQUALIZATION 
FILTERS 


13-22. Introduction: 


a. Density equalization filters are special 
accessory devices that are used when it is 
desirable to cause a variation of X-ray inten- 
sity across a given beam. When the filter is 
introduced into the path of the X-ray beam, 
its intensity is modified in differing degrees 
over given portions of the field being irra- 
diated (figure 13-14); this is achieved by 
selective absorption. 

_ b. These devices are especially effective 
where the part or areas to be examined pres- 
ent widely varying densities, all of which 
must be satisfactorily demonstrated on one 


at 







DENSITY EQUALIZATION NORMAL FILTER 
FILTE rf _— 


PORTION OF X-RAY 
BEAM OF RELATIVELY 
GREATER INTENSITY 
SS DIRECTED OVER 
THE THICK PARTS 


PORTION OF X-RAY BEAM 
OF PROPORTIONALLY 
DECREASED INTENSITY 
DIRECTED OVER THE 
THIN PARTS 





Figure 13-14. Relationships of the Density 
Equalization Filter, X-ray 
Beam, and the Thin and Thick 
Parts of the Anatomical Parts 
Being Radiographed. 
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film; for example, in making the dorsoplan- 
tar projection of the foot (figure 13-14), dor- 
soplantar or plantodorsal projections of the 
os calcis, lateral placentograms, and in ex- 
aminations of the thoracolumbar region. 
When normal radiographic techniques are 
used to demonstrate such parts, it usually 
happens that if the thin parts of the subject 
are properly exposed, the thick parts may be 
considerably underexposed; and conversely, 
gross overexposure of thin parts may occur 
if the exposure factors are adjusted for sat- 
isfactory demonstration of the thick parts. 
This problem can be corrected by the proper 
use of density equalization filters. Also, the 
absorbed radiation dosage to the patient is 
decreased. 

ce. Filters of this type are sometimes re- 
ferred to as compensating filters, wedge fil- 
ters, differential absorption filters, supple- 
mentary filters, or balancing filters. 


13-23. Composition and Construction: 
a. Density equalization filters may be 
made up of the following materials: 


(1) Aluminum. 

(2) Brass. 

(3) Copper. 

(4) Opaque plastic--a pastelike mixture 
(commercially available) that is especially 
suited for this purpose. 

(5) Molding clay--the degree of radio- 
capacity of this substance may be varied by 
kneading in the required amount of barium 
sulfate powder. 

(6) Barium sulfate-impregnated paste. 

b. Density equalization filters are usually 
made up in characteristically sloped or 
wedgelike forms by molding if a pastelike 
substance is used or by grinding if a metallic 
substance is used. 

ce. Density equalization filters should be 
built to fit a particular type of examination. 
For example, a filter made of brass with a 
heel-thickness of approximately 1/8 inch 
may be practical for making placentograms 
but unsatisfactory for making full-length 
venograms of the lower extremities. 

d. These filters should be fabricated in 
such a way as not to cause the superimposi- 
tion of distracting densities over any part of 
the resulting image pattern. . 


13-24. Where Density Equalization Filters 
May Be Introduced.Density equalization fil- 
ters may be introduced into the X-ray beam 
at the level of the filter slot near the X-ray 
tube housing where the normal complement 
of filters are usually located; at the level of 
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the exit portal of the beam restricting de- 
vice; or they may be interposed between the 
part and the film The normal equivalent of 
filtration is always retained when any type 
of density equalization filter is used. In ev- 
ery case, the filter is an addition to the nor- 
mal filter system. 


13-25. Basic Principles: 

a. The density equalization filter (figure 
13-15) must be oriented in the path of the X- 
ray beam in such a way that its “heel’’ 
(thick-edge) portion is toward the thinner or 
less dense portions of the part or area to be 
radiographed. 

b. Whenever a density equalization filter 
is introduced into the path of the X-ray 
beam, the exposure factors should be adjust- 
ed to deliver sufficient X-ray intensity to 
achieve optimum visualization over the 
thickest or densest portions of the part or 
area under consideration. 





Figure 13-15. Diagram Showing the Toe- 
Edge of the Density Equaliza- 
tion Filter Introduced to the 
Mid-Diameter of the X-ray 
Cone. 
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SECTION E-—FLUID LEVEL RADIOGRA- 
PHY 


13-26. Introduction.The collection, disper- 
sion, shifting, or superimposition of free 
fluid with contiguous or ambient structures 
within the body cavities often requires a 
special technique for adequate diagnostic 
demonstration, such as differentiation be- 
tween free fluid and thickened membranes or 
determination of the amount and behavior of 
free fluid within a body cavity. The proce- 
dure by which this is accomplished is known 
as fluid-level radiography. The regions most 
commonly examined are the paranasal sinus- 
es, the interpleural spaces, and the abdomi- 
nal cavity. 


13-27. Principles:. 

a. There is one prime requisite which must 
remain constant at all times when perform- 
ing fluid-level radiography: the CR (or 
projection) must always be horizontal. Also, 
aS near as circumstances permit, the hori- 
zontal CR should be parallel with, and at the 
same elevation as, the plane of the fluid level. 

(1) A, figure 13-16, shows the horizontal 
CR at the same elevation as the plane of the 
fluid level; this demonstrates the plane of the 
fluid level with clear demarcation. 

(2) B, figure 13-16, shows the effect of 
aligning the horizontal CR at a lower eleva- 


() HORIZONTAL CR a ae 





") OFF-CENTER HORIZONTAL CR 


VERTICAL CR —————_———_—_—_—_——————> 


PROJECTED IMAGE ON FILM 


O 


C 


Figure 13-16. Schematic Representation of 
Fluid Level Radiography. 
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tion in relation to the fluid level; the actual 
projection being accomplished by vertical 
divergent rays originating from the same 
source-point as the horizontal CR. The resul- 
tant image demonstrates a distorted and 
diffused outline of the fluid level, which, in 
some cases, may be of doubtful diagnostic 
value. 

(3) C, figure 13-16, shows the same object 
projected by a vertical CR. This illustrates a 
violation of the basic rule with respect to the 
constant horizontal CR (a above). In a strict 
sense, no fluid level as such is demonstrated 
by the use of a vertical CR. Projections of 
this nature are sometimes used, however, to 
supplement regular fluid-level projections 
for purposes of comparison with previous or 
subsequent radiographs or to demonstrate 
certain aspects pertaining to the collection, 
dispersion, or characteristic behavior of 
free fluid. 


b. When necessary or desirable to demon- 
strate multiple fluid levels (situated at dif- 
ferent elevations in relation to the horizon- 
tal CR) on a single radiograph (for example, 
the abdominal region), increasing the FFD 
will tend to obviate some of the adverse ef- 
fects of “off-center” projection. 

ce. In general, the behavior of free fluid is 
demonstrated radiographically in figures 13- 
17 (exposed with CR in vertical position) and 
13-18 (exposed with CR in horizontal posi- 





AP Abdomen With a Vertical 
CR and the Patient Supine. 


Figure 13-17. 


13-14 


5 


Figure 13-18. AP Abdomen With a Hori- 
zontal CR and the Patient Erect. 


tion). Notice in figure 13-17 there is no evid- 
ence of the disposition of fluid, while in figure 
13-18 the fluid is in well defined levels. 


13-28. Clinical Procedure:. 

a. After the patient has been placed in the 
position in which the radiograph is to be 
made, it is generally advisable to allow an 
elapse of 2 to 4 minutes before making the 
exposure. This interval permits gravitation 
or “settling” of the free fluid. 

b. Fluid-level radiography can be per- 
formed with the patient in the erect, supine, 
prone, or lateral decubitus positions, or with 
the patient placed in various inclined-plane 
positions, depending upon clinical desires or 
dictates (figures 13-19 and 13-20). 

c. Oftentimes, in order to accomplish fluid- 
level studies of a special kind, it is necessary 
to introduce a contrast medium (for example, 
Lipiodol or a similar substance) into the 
body cavities under investigation. The direct 
injection of iodized oil (sometimes half dilut- 
ed with sterile olive oil) into the nasal sinus- 
es is an example of this type of procedure 
(figures 13-21 and 13-22). 


PRECAUTION: When executing injected 
sinus procedures, care should be taken to see 
that the injected substance is not expelled. In 
case the patient reports to the X-ray depart- 
ment with the contrast medium already in- 
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Figure 13-19. Fluid Level in the Chest Cavity 
(Horizontal CR: Patient Erect). 


jected, exposure should be made immediately 
upon his arrival, if possible. 





Figure 13-20. Demonstration of Fluid Hori- 
zontal CR ‘Lateral Decubitus. 
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| SECTION F—-MACRORADIOGRAPHY 
| (MAGNIFICATION RADIOGRAPHY) 


. 13-29. Introduction: 
a. Macroradiography is a special tech- 
) nique whereby the geometrical relationships 
between the source of radiation (or target), 
the object, and the film plane are deliberately 
altered to produce an enlarged radiographic 
image by direct exposure. With this tech- 
nique it is possible to enlarge the image 
without apparent loss of detail, thus permit- 
ting detail not normally seen to become per- 
ceptible. 





, _ 
Figure 13-22. Lateral Showing Injected 
Antra. 
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b. Magnification techniques are especially 
useful when it becomes necessary to demon- 
strate a lesion or change which is on the bor- 
der of, or below, the limits that can be ob- 
tained by conventional radiography— for 
example, in certain cases of pathology, trau- 
ma, or anomalies involving areas such as the 
mastoid cells, auditory ossicles, sella turci- 
ca, temporo-mandibular joints, carpal bones, 
paranasal sinuses, or spinal column. 


OBJECT 


NORMAL ROENTGENO- 
GRAPHIC ENLARGEMENT 





—-—-— 2X MAGNIFICATION 


—-— 3X MAGNIFICATION 


13-23. Geometrical 
Between the Target, Object, 
and Film With Respect to 
Varying Degrees of Image 
Magnification. 


Figure Relationship 


13-30. Basic Principles and Practical Consid- 
erations: 

a. The degree of image magnification in ra- 
diography is a function of object-target dis- 
tance (OTD) and object-film distance (OFD) 
(see figure 13-23) mathematically expressed 
as 
| OTD + OFD OFD 
ae = On =! + ofp 
where: 


M = Magnification 
OTD = Object-target distance 
OFD = Object-film distance 


13-16 





Figure 13-24. Nomogram for Estimating the 
Related Values of OTD and 
OFD for Given Degrees of 


Magnification. 


b. A few simple examples are given below 
(for rapid computation of the relative values 
of M, OTD, and OFD, refer to the nomogram 
shown in figure 13-24). 


(1) Example 1. 


Given: OTD = 8380 inches 
OFD = 8380 inches 
Solution: 
30 + 30 30 
M — San fe ee — Sse — 
30 Dek gg re 


2x (two times magnification) 


(2) Example 2. The value of OFD fora 
given degree of magnification can be calculat- 
ed by means of the following formula: 


OFD = OTD (M — 1) 


Given: OTD = 25 inches 
Mo = 2x (desired magnification) 
Solution: OFD = 25 (2 — 1) = 25 inches 


OD 


OTD = ... 24 
(AI - 1) 
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(3) Example 3. The value of OTD can 
be calculated by means of the following for- 
mula: 


Given: OFD = 80 inches 
M = 3x 
30 
Solution: OTD = -——-— = 15 inches 
(3 — 1) 


ce. A linear enlargement of two times (2X) 
magnification results in an area enlarge- 
ment of four times (4X). It may be necessary 
to consider this factor in determining the 
size of the film to be used. 

d. The exposure factors used for macrora- 
diography are always computed on the basis 
of FFD. 

e. To offset loss of detail sharpness due to 
the relatively large OFD customarily used in 
macroradiography, an X-ray tube of special 
design, equipped with a focal spot of at least 
0.3 mm in size, must be used. This particular 
type of tube makes macroradiography 
practical. 

f. If possible, the OTD should be in keep- 
ing with the values ordinarily used in con- 
ventional radiography for examination of 
the given part. This permits magnification of 
the image without distorting the normally 
expected image configuration. 

g. Since this technique is rather sensitive 
to the effects of motion, proper immobiliza- 
tion of the part under consideration is of 
prime importance. 

h. The OFD customarily used in magnifi- 
cation techniques lessens the effects of SR 
and, consequently, the scale of contrast may 
be shortened. Appropriate collimation 
should be used to limit the field of radiation 
to the part, so that the production of SR will 
be reduced to the utmost. Ordinarily, the use 
of a Potter-Bucky diaphragm or other type 
of grid is not recommended. 

1. Increased radiation intensity is_ re- 
quired in magnification techniques because 
the increased OFD lessens the effects of SR 
(see section Q, this chapter). To offset the 
change in intensity, higher kVp values (in 
keeping with the production of adequate ra- 
diographic contrast) should be used. In some 
instances values in the range of 100 kVp to 
110 kVp may be used to advantage. The use 
of higher kVp also tends to reduce the radia- 
tion dose to the patient. 


SECTION G—ORTHORADIOGRAPHY 


13-31. Introduction: 
a. Orthoradiography is a_ radiographic 
procedure whereby the factor of geometrical 
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distortion is eliminated or is minimized to 
such an extent that it is possible to record 
the exact form and size of structures inside 
the body. It is of particular value in obtain- 
ing accurate measurements of the long bones 
of the skeletal system. It may be used, for 
example, to determine the length of the fe- 
mur prior to insertion of the intermedullary 
nail; or to maintain an accurate record of 
progress or regress in certain pediatric cas- 
es. 
b. In orthoradiography, a particular por- 
tion of the X-ray beam is used in such a way 
as to project a specific dimension of an object 
in true size. The image produced, when meas- 
ured, corresponds in size to the actual dimen- 
sion of the object under consideration. 

c. The major factors in the application of 
this principle are: 

(1) Position of the source-point of radia- 
tion and focal-spot size. 

(2) Alignment of the CR. 

(3) Point on object under consideration. 

(4) Film-object plane. 

(5) Alignment of divergent rays in rela- 
tion to CR. 

d. Figure 13-25 illustrates diagrammati- 
cally some of the fundamental differences 
between a conventional radiographic projec- 
tion (A) and an orthoradiographic projection 
(B). With reference to B, the specific object 
dimension under consideration is only that 
of length; such factors as the position of the 
focal spot, the alignment of the CR, and the 
point on the object are graphically repre- 
sented. The factor of film-object plane is il- 
lustrated in figure 13-26. 
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Figure 13-25. 
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Figure 13-26. 


e. Analysis of B, figure 13-25, and figure 
13-26 will show that neither the FFD nor the 
OFD exert any significant influence on the 
outcome of the end result insofar as a specif- 
ic dimension is concerned. Divergent rays 
falling in a plane in line with the CR and at 
right angles to the long axis of the object 
have the same dimensional validity as the 
CR. However, it is a good rule to keep the 
OFD to a practical minimum and the FFD to 
a feasible maximum, in order to obviate the 
penumbra effects due to focal-spot size and 
magnified distortion inherent is short FFD. 


13-32. Methods: 

a. General. The principles of orthoradi- 
ography may be incorporated in numerous 
methods, depending upon the nature of the 
problem and the facilities available. The 
method most generally used in spot-scanog- 
raphy. 

b. Spot-Scanography. In spot-scanogra- 
phy two “spot” exposures are made at spe- 
cific points on the object. The film-object 
plane is parallel and the CR is perpendicular 
to the film plane. As shown in figure 13-27 the 
object and the film remain in the same posi- 
tion during both exposures. The film identifi- 
cation is “burned-in” after completion of the 
spot exposures. If the object under consider- 
ation is of such length that it overrides the 
film, the film may be placed diagonally with 
the long axis of the object. Measurements 
are made after the film is processed. 


ec. Spot-Scanography in Combination with 
Calibrated Rule. This method (figure 13-28) 
is identical to that described in b above, with 
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POSITION OF TUBE 
FOR FIRST 
EXPOSURE 


POSITION OF TUBE 
FOR SECOND 
EXPOSURE 


FILM 


Figure 13-27. Spot-Scanography. 


the exception that a radiopaque calibrated 
rule is placed on the film alongside the object. 
This rule may consist of a strip of lead, 3/4 
inche wide and of sufficient length. One edge 
of the strip should be notched at 1-cm inter- 
vals. The lead strip should be mounted on a 
flat piece of wood or aluminum, to provide 


OBJECT 


LOUK F, 


CALIBRATED RULE 


DETAIL OF CALIBRATED RULE 


Figure 13-28. Spot-Scanography in Combi- 
nation With a Calibrated Rule. 
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rigidity and insure the maintenance of ac- 
curate length. Commercially produced Bell- 
Thompson rulers are available for this pur- 
pose. This ruler is 100 cm long, calibrated in 
1-cm increments. Calibration markings and 
numbers are painted with lead-impregnated 
paint to provide visibility on the radiograph. 
By using two separate films, this method 
permits scanography of objects of any 
length. When the rule is placed on the films, 
it should be aligned so that it is parallel with 
the long axis of the object under considera- 
tion. Cone coverage must be sufficient to 
demonstrate both the point on the object and 
the corresponding portion of the calibrated 
rule (figure 13-29). Measurement is accom- 
plished by aligning the point on the object 
with the known markings on the calibrated 
rule. Either non-Bucky or Bucky technique 
may be used. When Bucky technique is used, 
the calibrated rule should be placed on the 
table top; in this way, both exposures can be 
accomplished on a single film. 


d. Slit-Secanography. This method is use- 
ful in that it produces an image which shows 
the object in its entire length. Any part or 
portion of the object may be measured. In 
slit-scanography a narrow slit is used be- 
neath the X-ray tube, or the lip surface of a 
cone, in such a way that only a line or sheet 
of X-rays is used, and as the X-ray tube 
moves over the object from one end to the 
other, the rays of the central beam pass 
through the part at the same angle. A sheet 
of lead, about three-sixteenths inch thick 
and of the proper size to fit into the slot un- 
der the tube where the filters generally are 
Inserted, may be used. The width of the slit 
should be about one-fourth millimeter. The 
length of the slit will depend on the extent of 


LOCUS ON OBJECT 


_ PLANE OF 
MEASUREMENT 





Figure 13-29. Schematic Representation of 
Image in Cone Field. 
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lateral coverage desired or necessary in re- 
lation to the long axis of the object. For de- 
tailed information on this method and other 
methods of orthoradiography, the radiologic 
technologist should consult standard texts. 


SECTION H—PEDIATRIC RADIOGRAPHY 


13-33. Introduction.Pediatric radiography 
deals with infants and children up to 12 
years of age. With certain exceptions, the 
basic fundamentals of the technique are 
substantially the same as for any other age 


group. 


13-34. Handling of Infants and Small Chil- 
dren.The handling of infants and small chil- 
dren requires special care and patience on 
the part of everyone concerned in the exami- 
nation. When it is apparent that an infant or 
a small child is going to be difficult to man- 
age, it may be helpful to have one of the par- 
ents or a family friend remain in the room 
during the examination. However, in some 
cases, it may be best to have a nurse or other 
attendant help to manage the intractable 
child while the relatives remain elsewhere. 


13-35. Physical Factors: 

a Size. The factor of size is a definite prob- 
lem in estimating exposure techniques, but it 
affords certain advantages in that shorter 
FFD can be used without incurring excessive 
image distortion. When the X-ray tube has a 
relatively low mA capacity, the shorter FFD 
permits the use of a shorter exposure time. 
Also, the size of the patient will determine 
the size of the film to be used; this factor 
should always be considered before going to 
the ward for bedside radiography. 

b. Tissue Density and Tissue Contrast. 
Radiography of an infant’s chest normally 
requires a higher range of X-ray intensity in 
relation to a given part-size than in the case 
of an adult. This is mainly due to the differ- 
ence in the ratio of aerated to non-aerated 
tissue in the thoraces of infants and adults. 
The opposite is the case for the other parts 
of the body; that is, for a given part-size, 
considerably less exposure energy normally 
is required for a very young patient. The 
foregoing facts should be carefully evaluat- 
ed when it is necessary to modify tabular 
exposure techniques that are based on fac- 
tors scaled for routine radiography of 
adults. 

c. Motion. The greatest obstacle to over- 
come in the norma! course of pediatric radio- 
graphy is the adverse effects of motion— 
whether voluntary or involuntary. In a 
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young child, and especially in an infant, re- 
spiratory and cardiovascular motions are 
considerably more rapid than in the average 
adult patient. The most effective method for 
overcoming this limiting factor is by reduc- 
tion (1/40 second or less) of the exposure 
time. 

d. Susceptibility to Infection. The technol- 
ogist should always wash his hands thor- 
oughly before handling any pediatric pa- 
tient. If suffering from a minor respiratory 
complaint (for example, a slight cold or 
cough), he should wear a mask. 


13-36. Radiographic Procedure: 

a. Preliminary Procedure. The selection of 
technique factors, films, work-up of identifi- 
cation material, and other necessary prepa- 
rations should be completed before the pa- 
tient is brought into the exposure room. This 
will enable the technologist to give his full 
attention to the handling of the patient. 
Calling the ward for pediatric patients 
should be deferred until it is certain they can 
be given immediate attention. 

b. Positioning: | 

(1) For the most part, the positioning 
procedure for pediatric patients should con- 
form to the essential technical considera- 
tions prescribed for the standard positions 
with respect to a given examination (for 
example, tube-part-film alignment). 

(2) Awkward positions should be avoid- 
ed. Whenever possible, advantage should be 
taken of unorthodox angulations or posi- 
tions of the X-ray tube. 

(3) Unless otherwise indicated, examina- 
tion of the extremities for a given view 
should be done bilaterally, preferably by 
simultaneous exposure on the same film. 

ce. Immobilization: 

(1) The assistance of one or more per- 
sons, other than a radiologic technologist, 
should be enlisted to aid in immobilizing the 
patient according to the demands of the par- 
ticular situation. 

(2) A strap made of clean cotton web- 
bing, 2 inches wide and about 2 1/2 to 3 feet 
in length, should be provided for immobiliza- 
tion of the skull in the lateral position. An 
assistant holds the strap tautly across the 
frontal and parietal areas, with the head 
turned to the lateral position. If such a strap 
is not available, a suitably folded hand towel 
can be used. 

(3) A pair of large-sized synthetic rubber 
sponges held firmly against the sides of the 
patient’s head will be of considerable help in 
obtaining AP or PA projections of the skull 
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with the least likelihood of the assistant’s 
hands being superimposed on the image. 

(4) A suitable modification of the Sayre 
apparatus (“head sling’) may be used to 
considerable advantage for radiography of 
the head or neck with the patient in the up- 
right position. 

(5) In certain cases, it may be helpful to 
snugly wrap the patient’s body (from the 
shoulders down), with the arms alongside the 
body, in a suitable sheet. This procedure is 
often referred to as “mummification.” 

d. Precautions: 

(1) Lead-impregnated aprons, gloves, 
and protective shielding must be provided 
for protection against irradiation for per- 
sons assisting in the immobilization of the 
patient during exposure. The area of irradia- 
tion should be confined to the most practica- 
ble limits by the proper use of cones, cylin- 
ders, diaphragms, or collimators. UNDER 
NO CIRCUMSTANCES SHOULD A RA- 
DIOLOGIC TECHNOLOGIST HOLD THE 
PATIENT DURING EXPOSURE. Gonads 
should be protected with lead shields when 
practicable. 

(2) Under no circumstances should the 
patient be left unattended for any length of 
time while on the X-ray table or in a crib 
with the guard railing down. The danger of 
the child falling off the table or out of the 
crib is very great. 

(3) Loose articles, such as diaper pins or 
identification materials, which may be swal- 
lowed, should be kept out of reach of the 
child at all times. 

(4) If the patient is being held in an 1m- 
mobile position by an assistant, the technol- 
ogist should not make the exposure until he 
has made sure that the assistant’s hands are 
not interposed over any area of the patient 
in line with the path of the exposing X-ray 
beam. 

(5) When verbal communication Is possi- 
ble, the instructions as to breathing control 
should be as simple and short as possible, for 
children have a very short span of attention. 
In the case of infants, when necessary, 
crying may be induced, and the exposure 
made at the beginning of the cry. 

e. Use of Contrast Media: 

(1) For gastrointestinal examinations of 
infants, approximately 4 ounces of barium 
sulfate suspension, composed of equal vol- 
umes of barium sulfate and 5 percent sterile 
glucose water, should be prepared in a ster- 
ile nursing’ bottle. Several sterile nipples 
with openings of different sizes should be 
provided to meet the demands of particular 
situations. The preparatory phase of the 
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examination is carried out according to clini- 
cal dictates. Usually, food and fluids are 
withheld approximately 4 hours prior to 
examination. Incidental fluoroscopy and ra- 
diography is done according to the directions 
of the radiologist. In children over 2 years of 
age, for the most part the examination is 
carried out in a manner similar to that for 
an adult. 

(2) The contrast medium used for esoph- 
ageal studies may be the same as that used 
for gastrointestinal examinations § ((1) 
above). The contrast substance may be in- 
troduced by ingestion from a nursing bottle 
or by way of a suitable catheter attached to 
a syringe and transnasally inserted into the 
esophagus. Radiography is frequently limit- 
ed to spot-filming. 

(3) For barium enema examinations, a 
suspension consisting of barium sulfate and 
water is introduced under fluoroscopic con- 
trol through the anus via a suitable cathet- 
er. Retention of the contrast substance in 
the bowel may be facilitated by holding the 
buttocks together with adhesive tape. Inci- 
dental radiography or spot-filming is carried 
out according to the directions of the radiol- 
ogist. 

(4) The techniques for other contrast 
studies, such as bronchography, intrave- 
nous and retrograde pyelography, cystogra- 
phy, urethrography, pneumoencephalo- 
graphy, or ventriculography, are essentially 
the same as for adult patients. The chief 
difference is that the amount of contrast 
media used in pediatric radiography is 
scaled to the size or age of the individual 
patient. In certain examinations, infants 
and children under 5 years of age are exam- 
ined on the horizontal fluroscopic or radi- 
ographic table. 

f. Radiographic Measurements. Radi- 
ographic measurements for determining the 
exact length of certain body structures, such 
as the long bones, may be done by means of 
one of the orthoradiographic techniques. 

g. Bone Age. At time it is necessary to X- 
ray children to determine the bone age. The 
X-rays are compared with growth charts 
found in many publications to find out if the 
growth process varies from normal. The ra- 
diographs taken depend entirely upon the 
radiologist. PA hands and wrists and dorso- 
plantar feet are commonly employed. Others 
include AP projections of joints, such as el- 
bows, shoulders, hips, knees, and ankles. 

h. Technique Factors. The technique fac- 
tors in table 13-1 are intended as a starting 
guide only. Specific technique factors are 
listed for certain age groups and fractional 
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, Table 13-1. Pediatric Radiography: Technique Factors. 


Guide to abbreviations: 


T - Preferred exposure time in seconds *Recomanended cone Geld cise: 3-inch cone field for frontal and maxillary examinations. 
s - Mid-speed screens 4-ineh cone field for lateral examinations. 
GFC - Grid-front caseette ©°3.4meh come field recommended for the mestoid techniques. 


PBD - Potter-Bucky diaphragm (based on 8-to-1 grid ratio) 
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Femur 


Hipe 
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Sinuses® Maxillary 

(Water's) —_ 
Mastoids*® vs 
Mandible = . — z : 
oe reese ee ee 


13-22 


Table 13-1. Continued. 


Part Examined 


Hands, wrists 


Forearm, elbow, 
lower 
humerus. 


Shoulder, upper 
humerus, 
clavicle. 


_—_——— ee | | SS | 


Feet 
Ankle, leg, knee. 
Femur 


Hips 


RE: | eS |S | TLS 


Cervical spine 
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Thoracic spine 
Lateral 
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Lateral 
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ill 
Sinuses* a aes 


Lateral 


Lateral 
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Lateral 
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designations are given for other age groups 
The fractional designations refer to corre- 
sponding technique factors scaled for aver- 
age adult patients. For example, “one-third 
basic mAs” means that the technique factors 
customarily used for comparable examina- 
tions of adult subjects remain constant, ex- 
cept that the mAs value is reduced to one- 
third. This is not to imply that changing the 
mAs is the only way to adjust the technique. 
The kVp, or both mAs and kVp, can be ad- 
justed to provide satisfactory results. 


SECTION I—STEREORADIOGRAPHY 


13-37. Introduction: 

a. The ordinary single radiograph reveals 
a given structure in two dimensions--length 
and width. The information yielded does not 
permit the best conception of depth, nor does 
it reveal the relation of the underlying struc- 
tures. A more realistic perception of the 
third dimension, depth, is obtained by stereo- 
radiography. 

b. In stereoradiography two separate 
exposures are made in immediate succession, 
each with a different position of the X-ray 
tube but with the films and the part under 
consideration in exactly the same position. 
By simultaneous viewing of these two films it 
is possible to obtain stereoscopic visualiza- 
tion. 


13-38. Fundamental Principles and Methods: 
a. Conventional Method: 

(1) General. Normally, depth perception 
results from a complex intersensory condi- 
tioning of visual stimulation. The optic 
nerves transmit separate images to the opti- 
cal thalamus where they are fused into a 3- 
dimensional image. To obtain proportionali- 
ty of the three dimensions, it is necessary 
that the ratio relationships between the in- 
terpupillary spacing and the distance at 
which the radiographic image is viewed be 
similar to the ratio relationship between the 
distance of tube shift (that is, spacing be 
tween the two positions of the focal spot) 
and the FFD. These relationships must be as 
similar triangles. The average spacing be- 
tween the pupils of the eyes of an adult is 2 
1/2 inches and the average viewing distance 
is 25 inches— a ratio of 1 to 10. For such 
viewing, the shifting of the focal spot should 
likewise be 1 to 10; the tube shift should be 
10 percent of the FFD. A schematic represen- 
tation of this principle, in simplified form, is 
shown in figure 13-30. 
Interpupillary distance. 

Viewing alatance 


Focal-film distance 


~=,Tube-shift distance 
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Figure 13-30. Principal Geometric Consider- 
ations Related to Conventional 
Stereoscopy. 


(2) Special Modification. Some viewers 
prefer to achieve three-dimensional percep- 
tion by a special modification of the conven- 
tional method. For example, in particular 
situations, a 1 to 15 tube-shift ratio will pro- 
duce a more accurate perception of the ac- 
tual depth of the structure under examina- 
tion. It also requires less optical accommo- 
dation than the 1 to 10. This greatly dimin- 
ishes eyestrain when numerous pairs of films 
must be viewed. 

b. Displacement Method (Three-eighth 
Inch). Another convenient method for ob- 
taining easy stereopsis is one wherein dis- 
placement of the most distant point of ob- 
ject-from-film is constantly maintained at 
three-eighth inch. A major difference in carry- 
ing out this procedure is that the thickness 
of the part is a factor governing the tube- 
shift distance for a given FFD. For the es- 
ne geometric considerations, see figure 
13-31. 


In figure 13-31, let 





AB = tube-shift distance 
DE = image shift (constant at three- 
eighth inch) 
AC = focal-spot-to-object distance 
CE = part thickness 
Therefore: ead = a 
CE AE-CE 


Example: If in a given situation, a chest 
measures 8 inches (approximately 20 cm), 
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using a FFD of 72 inches, the tubeshift dis- 
tance would be 


315 = X 
8 712-8 
8X = 24 
X = 3inches (tube-shift distance) 


The use of a table listing the necessary data 
for this method of stereoradiography (table 
13-2) eliminates the necessity for making 
individual calculations for each examina- 
tion. 


ec. Change in Position of Part Method. A 
third method of stereoradiography is one 
wherein the position of the part only is 
changed between the two successive expo- 
sures. The part, tube, and film are initially 
positioned as for routine radiography (non- 
stereo); then the first exposure is made. The 
first (exposed) film is then replaced by a sec- 
ond film. Instead of shifting the tube, the 
structure under examination is_ rotated 


A B 





OBJECT 


DATUM LINE (FILM PLANE) 


Figure 13-31. Geometric Considerations as 
Applied to Constant Image 
Displacement Method of Ster- 
eoradiography. 
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about 6° on the long axis of the X-ray table, 
or is inclined sagittally about 6°. In this 
method, the tube-to-film distance is not a 
factor with respect to the degree of rotation 
or tilting of the part under examination. By 
rotating the sagittal plane of the chest 6°, 
for example, it is possible to view the resul- 
tant stereo pair in the normal upright posi- 
tion. Although the application of this meth- 
od is somewhat limited, it is of great value in 
certain studies of the skull, in instances 
where a restricted cone field is used, or for 
circumventing grid cutoff. 


13-39. Radiographic Procedure.The essential 
features in the production of a stereoscopic 
pair of radiographs are as follows: 

a. Position of Patient. The patient is posi- 
tioned as for ordinary radiography, and is 
instructed to remain as nearly as possible in 
the same position for both stereoscopic expo- 
sures. 

b. Position of Films. The two films must 
successively occupy the same site during 
exposure. Depending upon the type of exami- 
nation, this can be done by using one of three 
devices— (1) Bucky tray; (2) cassette chan- 
ger (figure 13-32); or (3) cassette-changing 





Figure 13-32. Cassette Changer. 
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: : Table 13-2. Tube-Shift Data for 3/8 Inch Image Displacement Stereoradiography. 
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Note. When using a Bucky Tray or other film-holding device, include part-to-film distance with thickness of 
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tunnel (figure 13-33). A cassette changer is a 

device used for changing the films without 
disturbing the position of the patient. It may 

_ be used for either routine or stereoscopic 
examinations. It accommodates two cas- 

a settes; after the initial exposure, the second 
cassette is shifted in the path of the X-ray 


beam by electrical or mechanical means. 





Figure 13-33. Cassette-Changing Tunnel. 
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c. Patient, Focal-Spot, and Film-Distance 
Relationships. The distance of the patient to 
the focal spot and the film plane must remain 
the same during both stereoscopic expo- 


sures. 
_d. Tube Shift (figure 13-34): 


/14 





Figure 13-34. The Three Stages of Stereo- 
scopic Tube-Shift Maneuver. 
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(1) Center tube as for routine radio- 
graphy of the part or region under consider- 
ation. 

(2) Displace tube one-half the distance of 
the total tube-shift distance. Make first ex- 
posure. 

(83) Move the tube, in exactly the opposite 
direction, past the normal centering position 
to total tube-shift distance. Expose second 
film. 


e. Direction of Tube Shift. The direction 
of tube shift is governed primarily by the 
direction of the lines of the anatomical 
structures being examined. For optimum 
stereopsis, tube shift should be as nearly as 
possible at right angles to (across) the pre- 
dominating lines of the part to be stereoradi- 
ographed. For stereoscopic examinations of 
the chest, vertebral column, pelvis, or joint 
surfaces, the direction of tube shift should 
be up and down or longitudinally in relation 
to the midline. For AP or PA projections of 
the skull, the direction of tube shift is usual- 
ly parallel with the vertical plane. For later- 
al projections of the skull, the direction of 
tube shift may be either up and down or 
crosswise (transverse), depending upon the 
preference of the responsible viewer. In mak- 
ing films.of the long bones, the direction of 
tube displacement is riearly always cross- 
wise. In every case, when changing the posi- 
tion of the tube, the movement of the tube 
must be parallel with the plane of the film. 

f. Radiographic Quality. The stereoscopic 
pair of films should be as nearly as possible 
of identical quality. Exposure factors must 
be exactly the same for both films. The inten- 
sifying screens used should have the same 
qualitative characteristics. When the Pot- 
ter-Bucky grid is used, “cutoff” is often expe- 
rienced, causing one or both of the radi- 
ographs to manifest unequal densities, 
which detracts from satisfactory three-di- 
mensional visualization. When grids of a 
high ratio are used (for example, a 16 to 1 
ratio), the latitude for shifting the tube 
transversely in relatior: to the grid strips is 
very limited. The part under consideration 
should be so positioned in relation to the lin- 
ear aspect of the grid strips that tube dis- 
placement can be made longitudinally with 
respect to the grid strips. The two films used 
should be of the same emulsion designation 
(preferably from the same package) and 
should be carried through the entire process- 
ing procedure together. The ordinary proc- 
essing procedure is followed. 

g. Identification. There is diversity of 
opinion regarding the best means for identi- 


AFM 160-30/TM 8-280/NAVMED 


P-5119 1 August 1974 


fying stereoradiographs. For instance, lead 
letter markers may be used to indicate 
“right” and “left” tube shifts or a lead ar- 
row marker may be used to designate direc- 
tion of tube shift. Regardless of the method 
used, the identification data must show up 
clearly. In general, the method of identifica- 
tion is the same as for ordinary radiographs. 
The legend “STEREO,” made up of lead let- 
ters and used in conjunction with conven- 
tional film identification markers, aids in 
assembling the films and establishing the 
correct position for viewing. Where the 
marker is placed is another important fac- 
tor. If possible, all of the identification data 
should be placed on the table top or attached 
to the top of the film tunnel or on the “face” 
of the cassette changer, rather than directly 
on the cassette or film holder. This provides 
an orientation point which remains in exact- 
ly the same site during both exposures, and 
is especially applicable in cases where the 
flashbox system of identification is used. 

h. Tube Angulation. Stereoradiographic 
examination wherein the CR is normally pro- 
jected at an angle to the film plane, as for 
mastoids, imposes a certain restriction in 
regard to the direction of tube displacement. 
The basic rule in such situations is that the 
prescribed tube angulation, with respect to 
the film plane, remain constant, and tube 
displacement made at right angles to the 
direction in which the CR is angled. 

i. Collimation. When a device that re- 
stricts the field coverage of the X-ray beam 
(such as a cone, cylinder, diaphragm, or colli- 
mator) is used in connection with stereoradi- 
ography, it may result in image cutoff, com- 
plete bypassing of the site of interest, or 
otherwise unsatisfactory end results. For 
this type of problem, (1) shift the tube to the 
position required, and (2) angle the tube to 
direct the collimated X-ray beam to a point, 
with respect to the film surface, which coin- 
cides with the point of incidence as it would 
pertain to the CR in the case of normal cen- 
tering for the projection. 


13-40. Stereoscopic Viewing: 

a. General. Changing the position of the 
X-ray tube between the two exposures ac- 
complishes two distinct point-source projec- 
tions of the radiographic image. These two 
projections are comparable to the viewings 
provided for the right and the left eye, re- 
spectively (figure 13-35). When handling the 
two radiographs concerned with stereoscop- 
ic viewing, always keep in mind the position 
of the X-ray tube with respect to the patient 
and the film for both the first and second 
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Figure 13-35. Stereoscopy. 


exposures. This correlation is of importance 
because there are at least 12 likely proce- 
dures in positioning the two films for viewing 
with a stereoscope and yet with only two of 
these is it possible to obtain true stereoscop- 
ic vision. True stereoscopy provides easy 
viewing. It provides a depth perception of 
true anatomical relations. 

b. Viewing Apparatus. Viewing of a pair 
of films for depth perception is ordinarily 
accomplished with the assistance of a stereo- 
scope. There are two general types of stereo- 
scopes-- the mirror type (figures 13-35 and 
13-36) and the prism type. In the field a sim- 





Figure 13-36. Stereoscope. 
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ple modification of the mirror-type stereo- 
scope can be developed with an arrangement 
of two view boxes and two ordinary shaving 
mirrors. An exceptionally handy device for 
stereoscopic viewing is a pair of especially 
ground eyeglasses based on the prismatic 
principle. These “glasses” must be optically 
ground to accommodate the particular vis- 
ual ability of the individual viewer’s eyes. 
Stereoscopic viewing is done by arranging 
the stereo pair side by side on a conventional 
radiographic illuminator, with the “tube 
side”’ of the films toward viewer. By trial and 
error the viewer places himself at the right 
distance from the transilluminated films for 
optimum stereopsis. The films must be posi- 
tioned for viewing in accordance with the 
design of the stereoscope. 


c. Positioning of Films for Viewing: 

(1) Step 1—Superimpose the film images, 
holding the two films in view so that the ana- 
tomical relations in the radiograph images, 
with respect to the eyes, duplicate the ana- 
tomical relations of the patient with respect 
to the position of the tube. For instance, in 
the case of the chest, if a PA projection was 
made, ordinarily (that is, unless the subject 
has a dextrocardia) the films should be held 
so that the apex of the heart is to the exam- 
iner’s left; whereas, if an AP projection was 
made, the films should be held so that the 
apex is to the examiner’s right. 


(2) Step 2—With the edges of the films 
even, note the position of the images in rela- 
tion to each other (one to the other) and de- 
cide the direction of tube shift (that is, if one 
image is higher than the other, the tube was 
shifted vertically; whereas, if one image is to 
the right or the left of the other, the tube 
was shifted transversely in relation to the 
patient). 

(3) Step 3—Rotate the films (if necessar- 
y) so that the plane of the image shift is par- 
allel to the plane of the eyes (that is, if the 
tube were shifted vertically in relation to the 
patient, the films must be rotated 90° right or 
left; whereas, if the tube were shifted trans- 
versely in relation to the patient, the plane 
of the shift is already parallel to the eyes 
and the films would not be rotated). 

(4) Step 4—To compensate for the mirror 
image when using the mirror-type stereo- 
scope, rotate the films 180° in the horizontal 
plane. If a prism-type stereoscope is used, 
the films are not rotated. 

(5) Step 5—Having the films superim- 
posed with their edges even, withdraw with 
the right hand that film in which the image is 
closer to the right and place it on the viewing 
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box, on the examiner’s right; take the other 
film to the viewing box on the examiner’s left. 

d. Confirmation of True Stereoscopy. The 
films of a stereo pair are positioned properly 
only if there is easy depth perception and the 
projected image reestablishes the- relations 
of the part of the patient with respect to the 
tube. For example, for a PA projection, the 
view must be from the anterior planes to the 
posterior planes; for a right lateral projec- 
tion, the view must be from the left side to 
the right, with the perception that the latter 
is closer to the film than to the plane of any 
identification that may not have been placed 
upon the film 

e. Image Deficiencies. Several types of 
image defects may occur. For instance, if the 
anatomical relations are reversed (such as a 
left-sided heart projecting as a right-sided 
heart), the evidence is that step 1 or step 4 (ec 
above) has been violated. If the projected 
image is flat, with little or no depth percep- 
tion, the evidence is that steps 2 and 3 (ce 
above) have been violated. If the depth per- 
ception is such that it is difficult to decide 
whether the anterior plane of the part 
should be closer or farther from the examin- 
er’s eyes, as compared with the posterior 
planes; or if one anatomical plane is project- 
ed in malrelation with other parts (for exam- 
ple, in the case of the chest, the clavicles 
projecting as if they were perforating the 
midlung zones), the evidence is that step 5 (c 
above) has been violated. 


SECTION J—PHOTOFLUOROGRAPHY 


13-41. Introduction: 

a. Photofluorography is the photography 
of fluorescent images normally seen on the 
fluorescent screen. This method of radio- 
graphy is used primarily for conducting 
mass chest surveys. 

(1) Photofluorography requires consi- 
derably more exposure than a conventional 
chest radiograph; consequently the radia- 
tion dose to the patient is greater. In addi- 
tion, resolution is somewhat lower on a pho- 
tofluorogram. For these reasons the practi- 
cal applications of photofluorography are 
limited. 

(2) Photofluorography has certain ad- 


vantages over conventional chest: radio- | 


graphy. The cost of the smaller film is less, 
which reduces the overall cost per examina- 
tion. Also, mass chest surveys can be quickly 
accomplished because the photographic 
camera equipped with roll film eliminates 
changing film after each patient. 
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b. The following elements are essential in 
the production of photofluorograms: 

(1) A source of X-rays. 

(2) Fluorescent screen of special compo- 
sition. 

(3) A suitable optical system. 

(4) Sensitive emulsion material (that is, 
photographic film especially made for this 
type of work). 

(5) A lightproof film holder or magazine. 

(6) An exposure timing device. 

c. The photofluorographic unit is essen- 
tially a camera assembly with a lens and film 
holder at one end.and a fluorescent screen at 
the other. A lightproof hood encloses both 
the fluorescent screen and the camera lens to 
prevent outside light from entering the cam- 
era. 

d. A photofiluorogram is produced by posi- 
tioning the patient at the screen-end of the 
camera assembly. The tube is centered and 
when energized, some of the X-rays pene- 
trate the patient’s body, projecting an image 
on the fluorescent screen. The image is then 
photographed by the camera to obtain a min- 
lature X-ray photograph similar to the large 
picture obtained in direct radiography. 

e. The photofluorographic unit (figure 13- 
37) is so constructed that once the patient is 
properly positioned, a button is pressed, the 
correct exposure is made, and the film is au- 
tomatically advanced and readied for the 
next picture. 


13-42. Principal Components and Operational 
Aspects: 
a. Generator and Controls: 

(1) Most modern photofluorographic 
units are equipped with integrated electrical 
and mechanical systems that permit auto- 
matic operation of the unit as a whole (see 
figure 13-37). For example, the X-ray tube 
and photographic assemblies can be raised 
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Figure 13-37. Automatic-Type- Photofluoro- 
graphic Unit. 


AFM 160-30/TM 8-280/NAVMED _ P-5119 


or lowered simultaneously by interconnect- 
ing mechanisms which are actuated by elec- 
tric motors. 

(2) In addition to the usual adjustment 
devices for setting technique factors, most 
of the automatic units include warning de- 
vices (a system of indicator lights or blink- 
ers) or automatic switches to prevent expo- 
sure in the event the camera is out of film or 
is not functioning properly, or, if an identifi- 
cation card has not been inserted in the pho- 
to-identifier. 


(3) The capacity of the generator of most 
units is such that it can safely operate at 
200 mA and 100 to 110 kVp. 


b. X-ray Tube. A rotating anode tube, 
capable of passing 200 mA, is standard for 
most photofluorographic units. Due to the 
relatively high range of the intensity of ra- 
diation required for this type of work, and 
the rapid pace at which exposures can be 
made, it is of utmost importance that appro- 
priate tube-rating charts be consulted--es- 
pecially in regard to ambient temperatures. 
Tube-to-fluorescent screen distance ranges 
from 36 to 60 inches, depending upon the 
type of unit. 


c. Grid. The grid is at the front of the 
hood, before the fluorescent screen, so that it 
is located between the patient and the 
screen. It is designed to prevent SR from 
reaching the screen and diffusing the flu- 
orescent image. 


d. Fluorescent Screen. The fluorescent 
screen is located directly behind the grid, 
and is always of the high-speed type. The 
screen measures 14 X 17 inches and is backed 
by lead glass to absorb X-rays, at the same 
time permitting transmission of the fluores- 
cent light rays. Two types of screens are 
used: one emits green light when irradiated 
and is used with film sensitive to green 
light; the other emits blue light and is used 
with blue-sensitive film. 

e. Camera. The camera most widely used 
in photofluorography is the 70 mm Fairchild 
Fluoro-Record Camera. This camera accepts 
100 feet of 70 mmroll film, which is wound on 
a spool. After each exposure the film is auto- 
matically advanced one frame by means of a 
motor-driven mechanism. The camera may 
be equipped with either one of two types of 
light gathering systems: (1) a lens optical 
system, consisting of a fixed focus and an 
aperture of f/1.5; or (2) a mirror optical (for 
example, Odelca) system. The latter requires 
approximately one-fifth the intensity of ra- 
diation for exposure of the photofluoro- 
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graphic film as that required by the lens opt- 
ical system. 

f. Exposure Control. The Morgan-Hodges 
phototimer is an important feature of the 
modern photofluorographic unit. It is located 
in the lightproof hood and is used to control 
photographic density of the film image. A 
kVp range is selected that will produce the 
wavelengths necessary for adequate pene- 
tration and desired scale of contrast. The 
phototimer is adjusted according to the de- 
gree of density required. Thereafter, the 
exposure switch is closed and so maintained 
until the signal system indicates completion 
of exposure. The length of exposure time is 
automatically controlled by the phototimer 
according to the thickness or density of the 
part under consideration. 

g. Identification. This function is usually 
implemented by IBM cards. It is necessary to 
see that these cards are completely filled out 
and that they are properly inserted in the 
identifier slot. Lead number markers may be 
used in case IBM cards are not available. 

h. Processing. See chapter 7. 

i. Operation of Unit. Refer to manufactur- 
er’s operating instructions. 


SECTION K—MAMMOGRAPHY 


13-43. Introduction. Radiographic examina- 
tion of the breasts is known as mammogra- 
phy. Used primarily for detecting cancer, 
mammography requires careful attention to 
technical quality--perhaps more than most 
other radiographic examinations. 


a. Mammograms must exhibit the con- 
trast necessary to demonstrate the various 
breast structures and to differentiate be- 
tween normal and abnormal tissues. While 
contrast is usually not a problem with most 
radiographic examinations, special consider- 
ations are necessary to produce the desired 
contrast on a mammogram. This is because 
there isn’t a great deal of difference between 
the densities of the structures. Consequent- 
ly, photon absorption is nearly equal. There 
is enough difference, however, to be recorded 
on oe if sound, soft-tissue principles are 
used. 


b. Mammograms must also have finite ra- 
diographic detail. For example, it 1s neces- 
sary to demonstrate densities so small that 
they require magnification in order to be 
detected. The minute densities in question 
are calcifications which may indicate pathol- 
ogic conditions. 
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13-44. Anatomical Considerations. Func- 
tionally, the female breasts are accessory 
glands of the reproductive system. Several 
types of tissue occur in varying amounts, 
depending upon the age and physical con- 
dition of the patient. 


a. The External Structure. The surface 
components of the breast include the skin, 
the areola, and the nipple. Usually, the 
breasts extend from about the second rib to 
the sixth or even seventh rib and from the 
lateral margins of the sternum to the axilla. 
Although breasts differ in size, the average 
craniocaudal (vertical) diameter is between 12 
to 14 cm while the transverse (horizontal) 
diameter is slightly larger. In figure 13-38, 
the areola is the colored area surrounding 
the nipple. Note that the nipple is a projec- 
tion of areolar tissue on the apex of the 
breast. Its tip is perforated by 15 to 20 tiny 
orifices to the lactiferous tubules. 


b. The Internal Structure. The inner com- 
ponents of the breast are comprised of fi- 
brous, glandular, and fatty tissue. They are 
augmented by a segment of the vascular sys- 
tem which includes a rather extensive lym- 
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Figure 13-38. Breast Showing the Nipple 
and Areola. 
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phatic network. The intercostal and pectoral 
muscles form the breast wall. 


(1) The fibrous tissue consists of two 
layers of fascia suspensory ligaments, and 
an irregularly pitted framework for the 
glandular tissue. The fascia layers, superf}i- 
cial and deep, are joined and completely 
house the mammary gland. The suspensory 
ligaments are vertical bands of elastic fi- 
brous tissue which pass through the glandu- 
lar tissue and connect the deep layer of fas- 
cia with the skin. The remainder of the fi- 
brous tissue comprises the honeycombed 
framework for the mammary gland. 


(2) The mammary gland consists of 15 to 
20 lobes, each of which is composed of numer- 
ous lobules. All are interconnected by the 
lactiferous ducts, which form a distinct net- 
work. The tiny ducts from the lobules, called 
terminal ducts or acini, empty into the larg- 
er main ducts. These in turn empty into the 
lactiferous tubules which extend from each 
lobe into the nipple. 

(3) Fatty tissue completely surrounds, 
and is distributed in, the glandular tissue in 
varying amounts, depending upon the pa- 
tient’s age and obstetrical condition. Figure 
13-39 shows the internal structure of the 
breast. 


c. Structural Variations. Structural varia- 
tions result in the breast being classified as 
virginal, adult (mature), lactating, menopau- 
sal, or atrophic. Figure 13-40 shows the five 
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Figure 13-39. Internal Structure of the Breast. 
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Figure 13-40. Structural Variations of the 
Breast. 


categories, and figure 13-41 shows some 
mammograms representing various breast den- 
sities. 

(1) The Virginal Breast. The virginal 
breast appears relatively dense on a mam- 
mogram because it consists mainly of fibrous 
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and glandular (fibroglandular) tissue. Mini- 
mal subcutaneous fatty tissue is present, 
which accounts for the radiolucent margin. 

(2) The Mature Breast. The mature 
breast usually has the widest variation in 
appearance on a mammogram. The reason is 
that there is a somewhat equal balance be- 
tween fibroglandular and fatty tissue. The 
mature breast can be considered average in 
terms of density. 


(3) The Lactating Breast. The glandular 
tissue proliferates and becomes engorged 
with milk secretion during and after preg- 
nancy. During this period, the glandular tis- 
sue compresses the fibrous tissue and causes 
an increase in both size and density of the 
breast. The breast is more dense during the 
lactation period than it is at any other 
stage. Following the lactation period, how- 
ever, density decreases when the need for 
fluid is gone, and both the lobes and ducts 
decrease in size. At this time, fatty tissue 
begins to develop and fill the space formed by 
expansion. 


(4) The Menopausal Breast. As a woman 
approaches and passes through the age of 
menopause, or “change of life’, the struc- 
ture of the breast is again modified. Hormo- 
nal stimulation of the glandular tissue pro- 
gressively decreases, which results in a 
gradual loss of both glandular and fibrous 
tissue. These tissues are replaced, in part, by 
fatty tissue, the breast becomes softer, and 
there is less fibroglandular tissue. 


- —_ « 


Figure 13-41. Mammograms of the Various Breast Categories. 
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(5) The Atrophic Breast. As the postmen- 
opausal stage progresses, fatty tissue con- 
tinues to replace fibroglandular tissue until 

the breast is comprised solely of fatty tissue. 
When this transition is complete, the breast 
is referred to as being atrophic. 


13-45. Focal Spot Size. There are two im 
portant factors to consider when selecting 
the focal spot to be used in mammography. 
The first and perhaps the most important 
consideration is its capacity to withstand 
the heat generated in a single exposure. 
Naturally, a large focal spot can tolerate 
higher exposures than a small one. Conse- 
quently, when high exposure factors are 
used, it may be necessary to use a large focal 
spot. However, if the exposure factors are 
low enough to permit the use of a small focal 
spot, then it should be used. Remember, a 
smaller focal spot gives better detail, and 
detail on a mammogram is extremely impor- 
tant. 


13-46. Anode Storage Capacity.To produce 
the desired contrast on a mammogram, it is 
necessary to use low kVp. Low kVp in con- 
junction with high mAs (which is generally 
used In mammography) produces a tremen- 
dous amount of H.U. (heat units) in the X-ray 
tube. For example, suppose the technique for 
a single projection is 26 kVp and 1,800 mAs. 
This would amount to 46,800 H.U. (26 X 1,800 
= 46,800). Since three views of each breast 
are normally included in a mammographic 
study, the total would be 280,800 H.U. (6 X 
46,800 ° 280,800). The anode storage capacity 
of some X-ray tubes is considerably less 
than the 280,800 H.U. in the hypothetical 
case described above. Therefore, to prevent 
damage to the anode, it would be necessary 
to allow the appropriate cooling time be- 
tween exposures. Cooling time is based on 
the anode cooling curve found on the tube 
rating chart. Tube rating charts are ex- 
plained in chapter 5. 


13-47. Filtration. Radiographic demonstra- 
tion of the differences in breast-tissue densi- 
ty requires a soft, heterogenous X-ray beam. 
Ideally then, mammography should be ac- 
complished with absolutely no filtration. 
However, in the interest of keeping patient 
dosage to a minimum, NCRP Report No. 33 
requires certain amounts of filtration for all 
radiographic examinations. For operating 
voltages up to and including 50 kVp, the 
report requires at least 0.5 mm aluminum 
equivalent. Standard X-ray tubes may or 
may not have the required 0.5 mm aluminum 
equivalent in the form of inherent filtratien. 
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If riot, additional filtration to bring the total 
to 0.5 mm must be added. Some special pur- 
pose tubes usually have less than 0.5 mm 
inherent filtration. For example, a beryllium 
window tube only has from 0.1 to 0.3 mm. 
When filtration must be added, use clear 
plastic to avoid blocking the filament glow. 
(“Light” from the filament helps in position- 
ing the cone.) 


13-48. Beam Restricting Devices. SR must be 
kept at a minimum because it can cause film 
fogging, which is degrading to radiographic 
detail. To reduce SR and to keep the skin 
dose to the patient at a minimum, the pri- 
mary beam should be restricted so that it 
covers the breast plus a 1-inch border. Ex- 
tension cylinders, modified collimators, and 
specially constructed cones are used to re- 
strict the X-ray beam. If a collimator is used, 
the mirrors and plastic covering should be 
removed since they may have a filtration 
equivalency of about 1 mm aluminum. 


13-49. Films.Standard, coarse-grained radi- 
ographic films are inadequate for the fine 
detail required in mammography. Thus, fine- 
grained industrial or special mammographic 
films are used. Most major manufacturers 
produce mammographic film. They include: 


GAF Sandwich Pak 
Dupont SD 

Kodak RP/M 
Kodak MA 


Some industrial films used for mammogra- 
phy are M, AA, B, MM, and M54. All of these 
films produce excellent detail, and the only 
significant difference is in their speed. For 
example, type AA is twice as fast as type M. 
Some radiologists prefer to use a “package” 
of two or more films. By using films of various 
speeds, visualization of the deep fibroglan- 
dular structures as well as of the peripheral 
anatomy is provided. Some of the films such 
as Dupont SD and Kodak RP/M can be proc- 
essed in an automatic processor. Others 
must be hand processed. In either case refer 
to the manufacturer’s recommendations for 
processing. 


13-50. Technical Factors. The technical fac- 
tors used In mammography depend upon sev- 
eral variables. Such things as film speed, 
output characteristics of the X-ray tube, 
tube capacity, and filtration must be consid- 
ered. The kVp should be 20 to 35 (except for 
the axillary projection) because at this 
range the small differences in photon ab- 
sorption are enough to provide adequate 
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contrast. FFD can be from 18 to 40 inches. 
As a general rule the mAs can be as much as 
1800 depending upon the kVp, FFD, and the 
speed of the film. For example, using type M 
film, 26 kVp and 36-inch FFD, the mAs would 
be about 1800. On the other hand, if the same 
kVp and FFD were used with type AA film, 
less mAs would be required because type AA 
is faster than type M. 

a. Normally, when establishing a _ tech- 
nique it is only necessary to determine the 
factors for the craniocaudad projection of a 
medium-sized, mature breast. Variations in 
technique because of breast size, breast den- 
sity, and projection can be determined from 
the initial factors. 

b. One method for establishing a tech- 
nique is to make trial exposures of an alumi- 
num step wedge with the central ray directed 
to the 15 mm step. Using predetermined mAs 
and FFD, depending upon the film speed, the 
kVp is varied until the 15 mm step is faintly 
penetrated. This setting is used for the cran- 
locaudal projection. 

c. For the mediolateral projection, 2 kVp 
are added to the craniocaudad kVp, with the 
remaining factors unchanged. The axillary 
projection requires about 50 kVp. (NOTE: 
The kVp cannot exceed 50 if only 0.5 mm 
aluminun-equivalent filtration is used.) 

d. The density of the breast also requires 
variations in technique. Usually a change of 
about 2 kVp is enough to compensate from 
one density category to the next. For exam- 
ple, if 28 kVp is used for a mature breast, 26 
kVp would suffice for a menopausal breast. 

e. As a general rule, the requirement for 
altering the technique to compensate for the 
different breast sizes is just the opposite 
from most other examinations. For example, 
a larger breast usually contains a greater 
proportion of fatty tissue and lies flatter on 
the film holder. Consequently, less technique 
is required. Smaller breasts usually contain a 
greater proportion of fibroglandular tissue 
and require more technique. One good way to 
compensate for these differences is to take 
advantage of the inverse square law by al- 
tering the FFD. This method also allows pre- 
cise restriction of the primary beam, which 
as mentioned before is important. To put 
this in perspective, consider the following 
comparison between a medium-sized breast 
and a large breast. The large breast requires 
both a larger cone field and a decrease in 
technique. By increasing the FFD over that 
used for the medium breast, both of the re- 
quirements are met. Two exceptions to this 
method are the small breast containing 
mostly fatty tissue and the large breast con- 
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taining mostly fibroglandular tissue. These 
are usually identified by the technologist 
before the examination and appropriate 
compensations are made. 


13-51. Patient Positioning. The projections 
most commonly used for mammographic 
studies are: craniocaudad, mediolateral, ax- 
illary, and dependent. 

a. Craniocaudad. In figure 13-42, the ma- 
jor considerations associated with the cran- 
iocaudad projection are illustrated. When 
positioning a patient for this projection, use 
the following as a guide: 

(1) The patient must put on a gown with 
the opening in front. (Use surgical gowns or 
isolation gowns if the X-ray gowns do not 
open.) 

(2) Have the patient sit on an adjustable 
(rotatable type) stool. 

(3) If available, use a room containing a 
table with horizontally sliding top. This al- 
lows the patient to sit under the tabletop, 
making it possible to get very close to her 
chest. 

(4) Place the film holder very close to the 
patient’s chest. It must be touching. If it is 
flexible, you may bend it slightly under. 

(5) Have the patient place her hand be- 
hind her back. 

(6) Bend her slightly backward and place 
the complete breast on the cassette. (NOTE: 
If size permits, both breasts should be taken 
on one film. Mask off the side not being ex- 
posed.) 





Figure 13-42. Craniocaudad Projection. 
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(7) Position the tube so that the CR is 
directed to the midpoint of the base of the 
breast. 

b. Mediolateral. Figure 13-43 illustrates 
the mediolateral projection. The procedures 
are as follows: 

(1) Unless there is a special apparatus 
for mammographic procedures, the mediola- 
teral is best taken with the patient on the 
radiographic table top, lying on the side to 
be taken. 

(2) Place a pillow or cushion beneath her 
head and shoulders. A positioning block 
(square or triangular, whichever is better) is 
placed beneath the cassette. This puts the 
breast in a true lateral position. 

(3) Have the patient hold the opposite 
breast close to her chest so that it will not be 
superimposed over the breast being X-rayed. 
The hand on the side of projection should be 
placed beneath her head. 

(4) The film is placed in a position to 
completely cover the breast. Again, two 
projections may be taken on one film if the 
breast size will permit. 

(5) The CR is directed to the midpoint of 
the base of the breast. 

ce. Axillary: 

(1) With the patient supine on the table, 
the film is positioned so that the axillary 
area, the tail of the breast, and the upper 
quadrant of the breast are included on the 


film. 
(2) The patient is rotated toward the side 
being examined until the tail of the breast 1s 








Figure 13-43. Mediolateral Projection. 
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projected beyond superimposition on the 
chest wall. (Body rotation is usually between 
15 and 30 degrees.) 

(3) The CR is directed perpendicularly to 
the film. 

d. Dependent. The dependent projection is 
an accessory projection taken to demon- 
strate certain tumor masses or abnormalli- 
ties not definable on the routine film. 

(1) Place the patient upon the radi- 
ographic table in the prone position. 

(2) Have her raise up upon elbows and 
knees. Place a cushion beneath both elbows 
for comfort. 

(3) Place the film holder on the medial 
surface of the breast and have the patient 
lower her chest until it touches the film hold- 


= (4) Make sure the film touches the medi- 

al surface of the breast. 

' (5) Direct the CR horizontally 90° to the 
m. 


13-52. General Considerations: 
a. All Projections: 

(1) Always place the identification mark- 
ers along the axillary margins of the film. 
(This will help the radiologist maintain ori- 
entation as he interprets the film.) 

(2) Insure that coning is such that the 
breast is demonstrated in a constricted cone 
field with a 1-inch border around the breast. 
(The light from the filament will indicate the 
cone field.) 

(3) Make sure that the patient’s position 
is as comfortable as possible. In this manner 
she can more readily maintain the position 
throughout the exposure. 

(4) Wait until you are ready to make the 
exposure before giving the patient breath 
control instructions. The longer she must 
hold her breath, the greater the chance for 
involuntary motion. 

(5) Make both craniocaudad, mediolater- 
al, et cetera, projections on the same film 
when possible. 

b. Craniocaudad: 

(1) Insure that the film holder is in close 
contact with the chest wall. Such placement 
will result in demonstrating the maximum 
amount of breast tissue. 

(2) Have the patient sit up straight and 
even lean backwards a bit to preclude super- 
imposition of the clavicle over the breast. 

c. Mediolateral: 

(1) Make sure that the opposite breast 
does not overlie the one being examined. At 
times it may be necessary to have the pa- 
tient hold the opposite breast to preclude 
such superimposition. 
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SECTION L—FOREIGN BODY LOCALIZA- 
TION 


13-53. Introduction: 

a. General. Radiographic foreign body 
localization is a procedure for determining 
the presence, and later the position, of any 
extraneous object or material within the 
body. For localization of foreign bodies, the 
radiographic method is the most satisfacto- 
ry. It permits direct observation of the for- 
eign body, as well as providing a permanent 
record. It is an important part of the X-ray 
department’s work, finding its greatest use- 
fulness in wartime when it assumes tremen- 
dous importance. Fluoroscopic techniques 
for foreign body localization are seldom used 
because of the high radiation exposure dur- 
ing these procedures. Usually, foreign body 
localization can be done satisfactorily by 
taking radiographs at right angles (para- 
graph 13-54). This is most applicable in field 
radiography. 

b. Basic Considerations. There are four 
inherent elements in all methods of foreign 
body localization: (1) presence; (2) nature, 
shape, and size; (3) site and manner of en- 
trance; and (4) reference point(s). 

(1) Presence. The first step in the process 
of localization is to ascertain the presence of 
the foreign body. Special attention must be 
given to: 

(a) Motion. The effects of motion un- 
sharpness may blur the image details of cer- 
tain foreign bodies to such an extent that 
their visualization is doubtful. 

(b) Contrast, Density, and Penetra- 
tion. Certain types of foreign bodies, such as 
glass, wood, plastic, and particles of earth, 
are often difficult to visualize. Because their 
density or absorptive properties are very 
similar to those of the tissue structures in 
which they are embedded, they tend to blend 
with the image pattern of the surrounding 
tissues. To bring out the image of the foreign 
body, the technologist may have to adjust 
the technique factors ordinarily used to se- 
cure maximal short-scale contrast for the 
body region in question. Also, foreign bodies 
which present a thin silhouette, especially 
those which are lodged within the relatively 
dense portions of the body, require special 
technique to provide for adequate penetra- 
tion. In such cases, the smallest possible 
focal spot should be used and every precau- 
tion taken to eliminate motion. 

(c) Superimposition. Obscuring or 
“hiding” a foreign body by superimposition 
with complex or dense structures must not be 
overlooked. Frequently this arises in such 
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regions as the mediastinum, the pelvis, and 
the skull. Metallic splints, plaster casts, 
surgical instruments, or bandages always 
introduce some risk in this connection. Iden- 
tification markers should not be placed in the 
field of exploration. 

(d) Artifacts. Small specklike images 
may show up on the radiograph especially 
when intensifying screens are used. These 
specklike artifacts are produced by tiny 
particles of extraneous matter adhering to 
the surfaces of the intensifying screens, and 
they may easily be confused with images 
cast by dustlike metallic foreign bodies. 
They are especially objectionable when the 
foreign body is lodged in the region of the 
eyes; therefore, the use of nonscreen tech- 
nique may be particularly indicated. Consid- 
eration must also be given to artifacts 
caused by faulty darkroom technique. 

(e) Actual or Apparent Presence of 
Foreign Body in Relation to a Specific Area. 
An appraisal of the structural and geometri- 
cal factors involved in foreign body localiza- 
tion will show that under certain conditions 
the position of the foreign body may be 
falsely represented by the image on the film. 


1. Structural Contours. Certain 
anatomical regions or structures which ex- 
hibit a roundness of shape, such as the skull, 
thoracic cage, or abdominal region, may 
cause the foreign body image on the radi- 
ograph to appear to be within or near vital 
regions when, in reality, it is located peri- 
pherally (figure 13-44). Under such condi- 
tions, tangential projections (figure 13-45) 
will locate the foreign body. 


2. Divergent Rays. Foreign body 
images projected by the divergent (off-cen- 
ter) portion of the X-ray beam introduce the 
possibility of positional misrepresentation 
of either the radiographic or fluroscopic 
image (figure 13-46). Therefore, use of the 
central portion of the X-ray beam to project 
the foreign body image is emphasized. 


(2) Nature, Shape, and Size. A foreign 
body presenting a diminished silhouette is 
especially sensitive to the adverse effects of 
motion during exposure. The clinical signifi- 
cance of the nature or size of the foreign 
body is primarily the concern of the radiolo- 
gist or interested physician. 

(3) Site of Entrance. The site of en- 
trance may be natural (for example, the 
mouth) or induced (for example, a puncture 
wound). As a rule, the site of the foreign 
body’s entrance is the most likely point for 
centering the CR and the film when initiating 
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APPARENT LOCATION OF FOREIGN BODY 





ACTUAL LOCATION 
OF FOREIGN BODY 


Figure 13-44. Foreign Body in the Skull. 


FOREIGN BODY 


FILM PLANE 


Figure 13-45. Use of Tangential Projection 
for Radiographic Demonstra- 
tion of Foreign Body on Peri- 
pheral Aspect of the Skull. 
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Figure 13-46. Actual and Apparent Position 
of Foreign Body Image Pro- 
jected by Divergent Rays. 


the localizing procedure. Two important fac- 
tors must be considered: 

(a) Angle of Incidence. In the case of a 
ballistic or other object introduced at a high 
velocity, the angle of incidence, if properly 
assayed, may be a useful guide in determin- 
ing the presence or location of the foreign 
body. Figure 13-47 illustrates some of the 
situations peculiar to the angle of incidence. 
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Figure 13-47. The Angle of Incidence in Rela- 
tion to a Line Parallel to the 
Long Axis of the Thigh. 
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(b) Shifting. A relatively smooth and 
heavy object (for example, a bullet) may shift 
to a different level and away from the site of 
entry (figure 13-48). This often occurs when 
the object has gained entry into the thoracic 
or peritoneal cavities. Surgical exploration 
may be complicated by demonstrating the 
foreign body at a certain level at the time of 
radiography and then having it shift to an- 
other location because of the inept handling 
of the patient immediately afterwards. 


(4) Reference Point(s). The reference 
point(s) is a known and readily identifiable 
area or mark with which the foreign body 
may be oriented or by which a spatial rela- 
tionship may be established. Reference 
points may be natural, artificial, or topo- 
graphical. For example, a foreign body des- 
ignated as being situated in the patient’s 
stomach usually implies a natural reference 
point. On the other hand, if a foreign body is 
described as being at a specific distance in 
relation to a marker, then an artificial refer- 
ence point is indicated. Topographical refer- 
ence points are indicated by such terms as 
anterior, posterior, inferior, and lateral. 
Sometimes a combination of the foregoing 
reference points 1s used to indicate the posi- 
tion or suspected location of the foreign 
body. 


13-54. Methods of Localization (Except Ocu- 
lar): 

a. General. There are various methods of 
foreign body localization, each having its 
own particular merits. The ones described 
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Figure 13-48. Foreign Body Which Has Shift- 
ed to a Different Level and 
Away From the Site of 
Entrance. 
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herein, except for that of ocular foreign 
body localization, are characterized by basic 
simplicity and adaptability to a wide range 
of situations. Radiographic techniques are 
preferred to fluoroscopic methods when pos- 
sible. 

b. Radiographic Methods: 

(1) Right-Angle Projections. This is the 
simplest and most widely used method of ra- 
diographic foreign body localization. An AP 
(or PA) and a lateral projection are taken 
with the CR passing through the foreign 
body. This may necessitate preliminary ex- 
ploration by fluoroscopy or radiography. 
Sufficient field coverage should be allowed to 
include soft tissue and/or bone and joint 
areas for reference points. Radiopaque 
markers placed at specific points or at ana- 
tomical landmarks may be helpful. 

(2) Single-Film Method (figure 13-49). 
This is a simple triangulation method requir- 
ing minimum equipment. 

(a) Procedure: 

1. Arrange the tube and fluoroscopic 
screen as for ordinary horizontal fluorosco- 
py. Investigate for presence and position of 
the foreign body. Direct the path of the CR 
through the foreign body by narrowing or 
“closing down” the shutter opening, and 
mark the skin surface to identify the posi- 
tion of the foreign body. 

2. Position the X-ray tube, aligning 
the CR to the spot marked on the skin sur- 
face. Select the most practical FFD, which 
may be 30, 36, or 40 inches, but the exact 
FFD must be known. At the time of exposure, 
the exact distance should be indicated on the 
film by suitable lead markers. 

3. Position the film beneath the part 
or area and make an exposure using about 
one-half to two-thirds of the mAs normally 
required for the part in question. 

4. Shift the tube a known distance 
(about 25 percent of the FFD) cephalad, cau- 
dad, or transversely and make a second expo- 
sure using the same factors. 

5. Process the film in the usual man- 
ner. 

6. Carefully measure the distance 
between the two images of the foreign body 
as projected onto the film. 

7. Apply the formula: 


Foreign body-film distance = 


image shift X focal-film distance 
image shift + tube shift 


(b) Geometrical Explanation. See fig- 
ure 13-49. 

(c) Additional Applications. Knowing 
the FFD, the distance of the tube shift, and 
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the shift of the radiographic image of the 
foreign body (as measured on the film), this 
method may be graphically reproduced-- 
draw the lines represented by the triangles 
of the above figure and thereafter measure 
the position of the foreign body with respect 
to the film. To calculate the depth of the for- 
eign body beneath the skin marking, meas- 
ure the thickness of the part through the 
plane of the marking (C, figure 13-49) and 
subtract the foreign body-film distance (X, 
figure 13-49) from that value. 
c. Fluoroscopic Methods: 

(1) Right-Angle Fluoroscopic Method 
(figure 13-50): 

(a) The patient or part is placed in ei- 
ther the AP or PA position behind the fluo- 
roscopic screen. 

(b) After visualizing the foreign body, 
the field of exposure is restricted by the fluo- 
roscopic shutter. 

(c) The greatly diminished field is 
placed directly over the foreign body so that 
the CR is aligned with, and passes through, 
the center of the foreign body. 

(d) With a suitable marking device, a 
mark is made on the patient’s body directly 
beneath the fluoroscopic image and in line 
with the CR. See figure 13-50. 

(e) The patient or part is then rotated 
to a lateral position and the above procedure 
repeated. 

(f) Use of the image intensifier with 
this technique will reduce radiation exposure 
appreciably. 


FORMULA: 
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13-49. Single Film Radiographic 
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Figure 13-50. Right Angle Fluoroscopic 
Method of Foreign Body 
Localization. 


(2) Profunda Method. This method en- 
tails probing for the foreign body during 
fluoroscopic visualization. Either one of two 
methods may be used: 

(a) Direct Method. This method may be 
very useful where there are no important 
structures which might be injured. The 
foreign body is aligned directly in the path 
of the CR. The surgeon then inserts the prob- 
ing instrument into the tissues, in line with 
the CR and directed toward the foreign body. 

(b) Parallax Method. In this method 
the probing instuument is used as an indica- 
tor. The instrument is placed on the skin sur- 
face lateral to the foreign body and is held in 
an absolutely horizontal position and at 
right angles to the CR. The fluoroscopic 
screen and tube are moved (simultaneously) 
back and forth across the long axis of the 
foreign body until, by trial, the images of the 
indicator and the foreign body move togeth- 
er, or move with identical amplitude. Figure 
13-51 shows the screen and tube moved to- 
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Figure 13-51. Parallax Fluoroscopic Method 
of Foreign Body Localization. 
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ward the foot of the table. When the tube and 
screen are moved toward the head of the ta- 
ble, the images of the foreign body and the 
indicator will appear on the opposite end of 
the screen, and their alignment will be the 
same if the indicator is at the exact axial 
position in relation to the foreign body. A 
disadvantage of this method is that there is 
the possibility of excessive irradiation to the 
patient and/or surgeon. 


13-55. Ocular Foreign Body Localization: 

a. General. Localizations of foreign bod- 
ies in the eye require precise measurements 
and calculations with respect to the center 
of the pupillary diaphragm and the wall lim- 
its of a normal eyeball. It is not practical to 
base measurements of these foreign bodies 
beneath a surface marking as provided with 
the routine procedure described in para- 
graph 13-54 of this chapter. 

b. Sweet Method. The ‘Sweet method” 
provides for calculating measurements in 
three different planes; it does not require the 
use of elaborate equipment; the technical 
procedure is simple; and it is not necessary 
to anesthetize the eye nor to adapt orienting 
landmarks. 

(1) Apparatus Required: 
(a) The localizer unit (A, figure 13-52) 
consists of: 

1. A heavy metal base (a), for support 
of the unit. 

2. A vertical supporting arm (B), for 
adjustment and fixation of the horizontal 
supporting channel arm (C). 

3. A supporting bracket (D), with a 
setscrew (E), for raising and lowering and 
fixation of the horizontal channel arm (C). 
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4. A metal ball (F) and metal cone 
(G), spaced 15 mm apart and supported on 
bracket (H) affixed to a rod (I), which moves 
within the horizontal channel arm (C). 

5. A spring catch (J) with an engag- 
ing notch (K) and trigger release (L), for 
forward setting of the ball and cone and then 
release of them to exactly 1 cm as controlled 
by a slot (M) in the supporting channel arm 
(C) and stops (N) mounted on rod (I). 

6. A bracket (O) fixed to rod (I) serv- 
ing for support of the recoil spring (P) and 
catch (Q) for engaging notch (K). 

7. Sighting notches (R), for true posi- 
tioning of the ball (F) in opposition to the 
center of the cornea. 


(b) The headrest unit (B, figure 13-52) 
consists of: 

1. A special pedestal tunnel (S), with 
lead protection over its upper, outer thirds 
to provide for exposure of one-half of an 8 X 
10 inch film as contained in a film holder and 
positioned in the sliding film tray (T). 

2. Two vertical supporting columns 
(U), for support of the headclamp (V). 

3. A pneumatic ring (W), for support 
of the patient’s head. 


(2) Technical Procedure: 

(a) The patient is positioned on the X- 
ray table, lying on the same side as the af- 
fected eye. The pedestal tunnel of the head- 
rest is placed beneath the head; the head is 
positioned so that the region of the eyes is 
superimposed over the portion of the tunnel 
which is unprotected by lead (place pneumat- 
ic ring or folded towel under head, if desired). 
The supporting head-fixation pads are then 
positioned to fix the head to a position wher- 





Figure 13-52. Localizer for Foreign Bodies Within the Orbit (Sweet Method). 
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ein the midsagittal plane of the head is par- 
allel to the film. 

(b) Place localizer on stand, ball and 
cone side nearest eye. Sighting through 
notches (R), align metal ball (F) to center of 
cornea (center of pupillary diaphragm). Fix 
setscrew (FE). Engage horizontal rod (I) by 
means of spring catch (J), at notch (K). Have 
patient close eyelid; advance localizer unit 
until metal ball (F) presses into the lid to an 
extent equivalent to the thickness of it. Re- 
lease trigger (L) and allow patient to open 
eyelid; thereafter, instruct patient to main- 
tain a focus onto an object at a distance and 
in line with sighting notches (R) and metal 
ball (F). These relations are shown in figure 
13-53. 


(NOTE: Great care must be exercised not to 
allow bracket (O) to snap back while trigger 
(L) is being released. The snapping action 
may cause the patient to flinch, thereby dis- 
lodging the eye-to-ball positional relation- 
ship. This may be prevented by first placing 
the second and third digits of the left hand 
firmly but cautiously on metal base (A), and 
then grasping trigger (L) between the thumb 
and forefinger of the right hand; the lateral 
aspect of the distal interphalangeal joint of 
the second digit of the right hand should be 
in contact with bracket (O). Then, by exert- 
ing gentle pressure on trigger (L) with the 
ball of the thumb, slowly disengage notch (K) 
from catch (Q), and allow bracket (O), rod (I), 
bracket (H), metal ball (F), and metal cone 
(G) to move gradually away from the pa- 
tient’s eye to the full extent of their excur- 
sive range (that is, from 10 mm). The rate of 
movement of the assembly is controlled by 
the amount of frictional resistance produced 
by the thumb and forefinger as they slide 
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along trigger (L). Before removing the left 
hand from metal base (A), steady the base 
with the free right hand to avoid moving it 
out of position.) 

(c) Align the CR over the metal ball (F) 
and cone (G) (CR, ball, and cone being 
aligned in perpendicular relation to the film), 
and position tube at a working distance (36 
inches recommended) above film. Position film 
in cardboard holder in sliding film tray (T) so 
that one-half of the film lies beneath the un- 
protected portion of the tunnel (s) (beneath 
the eye portion of the patient’s head and 
beneath the localizer ball and cone). To 
obtain optimum radiographic quality and 
minimize SR, collimation which limits the 
“cone field’”’ to 6 inches should be used. After 
providing identification, make an exposure 
as for a slightly underexposed lateral paran- 
asal sinus study, such as the following: 


36 inches 100 80 


Slide film in tray so that the film’s unexposed 
portion is in position for a second exposure. 
Shift the X-ray tube approximately 10 inch- 
es toward the feet of the patient, tilt the tube 
so that the CR is directed toward the indica- 
tor ball, and make a second exposure, using 
the same factors as previously. The resul- 
tant radiograph should appear as shown in 
B, figure 13-53. 


(3) Calculation Procedure and Develop- 
ment of Indicating Chart: 


(a) On the first exposure, the ball and 
cone should be superimposed; on the second 
exposure, the ball should be projected to a 
relatively high level in relation to the cone 
(that is, with caudad shift of the tube). The 


Distance Milliampere-seconds Kilovoltage 





Figure 13-53. Localization of Foreign Body Within the Orbit. 
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entire orbit of the patient should be visual- 
ized. Search should be made for one or more 
foreign bodies. With consideration of any one 
foreign body, the localization is plotted onto 
a special coordinate chart (figure 13-54), as 
follows: 

1. Etch a line on the first exposure of 
the film through the horizontal axis of the 
ball and cone, thereby projecting the optic 
axis of the eye. 

2. Etch a second line at right angles 
to and intersecting the first line and through 
the center of the outline of the foreign body. 

3. Using a small pair of dividers, set 
its points—one to the edge of the indicator 
ball and the other to the intersection of the 
horizontal and vertical lines just drawn. 
Transpose this distance onto the coordinate 
chart (figure 13-54), as indicated at the in- 
tersection of lines B and A. 

4. Again, using the dividers, set its 
points, one to the intersection of the horizon- 
tal and vertical etching just described, the 
other point to the center of the outline of the 
foreign body. Transpose this distance onto 
the coordinate chart in its proper relation to 
the optic axis, at F. (This procedure serves to 
locate the foreign body at F, anteroposter- 
iorly in relation to the lateral vertical 
plane.) 

5. Extend line A to cross over the 
front view of the orbit (as shown on the coor- 


Patient Right Left tH 
Sethi ieneartiemerecipreremapictstanereememarsiesines 

















1 August 1974 13-41 


dinate chart) and B to the oblique boundary 
of the chart. 

6. Extend a line C horizontally from 
the location of the foreign body at F, paral- 
lel to line A and across the front view on the 
chart. 

7. Using the second exposure of the 
radiograph, etch one line through the axis of 
the ball and its supporting arm and another 
line through the axis of the cone and its sup- 
porting arm. 

8. Etch a third line at right angles to 
and intersecting these two lines and through 
the center of the outline of the foreign body. 

9. Using the dividers, set its points, 
one to the center of the outline of the foreign 
body, the other to the intersection of the 
etching concerned with the ball; transpose 
this spacing onto the coordinate chart in 
relation to the outline of the ball as shown 
by point D on line E. In the event that the 
foreign body lies on the same side of ball axis 
as does the cone, this distance should be laid 
off downward from the point of intersection 
of lines A and E. 

10. Again, using the dividers, repeat 
this procedure with respect to the center of 
the outline of the foreign body and the in- 
tersection of the etching concerned with the 
cone, transposing this spacing onto the coor- 
dinate chart in relation to the outline of the 
cone as shown at point G on line H. 
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Figure 13-54. Report of Localization of Foreign Body in Orbit. 
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11. Extend a line through points G 
and D, intersecting line C at F’. (These trans- 
positions serve to locate the foreign body at 
F’, laterally, in relation to the front-view 
vertical plane.) 

12. Extend line I from the intersec- 
tion of line B and the oblique boundary of 
the chart at J, parallel to line C, so that this 
line crosses the horizontal outline of the or- 
bit. 

13. Extend another line K at right 
angles to line C, from the point F’, so as to 
intersect line I at point F’’. (These extensions 
serve to locate the foreign body at F’’, later- 
ally, in relation to the horizontal plane.) 

(b) By counting the millimeter coordi- 
nate spacings, it is possible to render a re- 
port as to the location of the foreign body 
with respect to the central axis of the eye- 
ball and in relation to the side view, front 
view, and horizontal plane. Using the chart 
shown in figure 13-54, these measurements 
should be reported in the upper right corner. 

(4) Importance of Precision in Transpo- 
sitions and Plottings. Extreme care should 
be exercised in making all transpositions. 
Too frequently, plottings are made so that 
the localizations are indicated either on the 
wrong eye or on the wrong side of the central 
axis in one or another plane. 

(5) Application of Method Without 
Chart: 

(a) Method. It is possible to localize 
foreign bodies in the eye by means of the 
Sweet-Bowen apparatus without plotting 
the values on the eye charts. The procedure 
for localizing the foreign body radiographi- 
cally is as previously described. In B, figure 
13-53, the foreign body appears in a certain 
position on film I; on film II it appears in a 
new position because of the tube shift for the 
second exposure. To utilize this simple meth- 
od when eye charts are not available, the fol- 
lowing procedure is suggested: 

1. Step 1—Construct lines on the 
film as for the method when using the eye 
charts. (See B, figure 13-53). 

2. Step 2—On film I, measure the dis- 
tance [(3) (a) 1] of the foreign body cephalad 
or caudad from [(3) (a) 9] as described 
above. This measurement gives the distance 
of the foreign body above or below the hori- 
zontal plane of the eye. 

3. Step 3—on film I, measure the dis- 
tance from the point [(3) (a) 9]/—the intersec- 
tion of the two lines—to the edge of the 1m- 
age of the superimposed bali and cone of the 
localizer apparatus. Subtracting 10 mm 
(that is, bali and cone shift: fram tnis meas- 
urement gives the distance of the foreipn 
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body behind corneal surface of the eye. This 
completes the localization of the foreign 
body in two directions—above or below the 
horizontal plane of the eye and the distance 
behind the cornea of the eye. To localize the 
foreign body with respect to the nasal or 
temporal aspects (that is, distance from the 
midvertical plane in nasal or temporal direc- 
tions), the distance is determined with the 
aid of two measurements from the film and 
by the use of the simple formula given below. 

4, Step 4—On film II, measure the 
distance [(3) (a) 2] from the foreign body to 
the ball axis. 

5. Step 5—Measure the distance [(3) 
(a) 3] between the ball and cone axis. 

6. Step 6—The numerical values of 
1, 2, and 3, as measured on the films, are sub- 
stituted in the following formula: 
Distance of foreign body nasal or temporal 
from optic axis = 


+at+b X15 
¢c 
Where: a = distance of foreign body from 
optic axis on film I. 
b = distance of foreign body to 
ball axis on film II. 
c = distance between ball and cone 
axis. 
15 = distance in mm between ball 
and cone of localizer. 


7. Step 7—To determine whether the 
foreign body lies nasally or temporally, the 
proper signs for a and b to be used in the 
formula are determined as follows: 

a. When the foreign body on film I 
lies in the same direction (cephalad or cau- 
dad) from the optic axis as the ball on film II 
lies from the cone, (a) should be designated 
“minus” (-) in the formula. When the foreign 
body on film I does not lie in the same direc- 
tion from the optic axis as the ball lies from 
the cone in film IT, (a) should be designated 
“plus” (+) in the formula. 

b. When the foreign body on film II 

is projected on the same side of the ball axis 
as the cone, (b) should be designated “‘minus”’ 
(-) in the formula. When the foreign body on 
the film II does not lie on the same side of the 
ball azis as the cone, (b) should be designated 
“plus” (+) in the formula. 
(NOTE: Substituting “opposite” direction 
for “same” direction in the above descrip- 
tion, (a) or (b) becomes “plus” (+) instead of 
‘“‘minus’’ (-).) 


8. Step 8—If the distance of the for- 
elgn body as determined by the formula is 
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“minus” (-), then the foreign body lies tem- 
porally. If the result is “plus” (+), then the 
foreign body lies nasally—(with respect to 
the midsagittal plane of the orbit). 


(b) Geometric Analysis of Method: 


1. Given: Ball of the horizontal arm 
is located at the optic axis (intersection of 
horizontal and vertical planes of the eye) 
and designated as R in figure 13-55. The posi- 
tion of the cone of the localizer is represent- 
ed by N (15 mm beneath the ball). On film I, 
the image of the foreign body is projected 
above the optic axis and hence is located 
cephalad. The foreign body within the eye- 
ball is therefore located somewhere nasally 
or temporally along a projected line from the 
image of the foreign body of film I. On film II, 
the images of the cone, ball, and foreign body 
are respectively projected (due to the shift of 
the X-ray tube caudally). 


2. Construct: Horizontal line to rep- 
resent plane of film position of superim- 
posed image of ball and cone and foreign 
body from film I onto film plane (horizontal 
line). Line perpendicular to film plane from 
superimposed image of ball and cone on film 
I. Line parallel to perpendicular from posi- 
tion of foreign body from film I to represent 
path of incident X-ray beam through X. 


3. Let: R represent position of ball 
on perpendicular line. N represent position 
of cone on perpendicular line (15 mm below 


R). 


4, Construct: Line through R paral- 
lel to plane of film. Line through N parallel 
to plane of film. 


5. Then: Measurements of a, b, and c 
can be determined from films I and II. 


6. Let: RQ = a, NO = c, RP = b. 


7. Construct: RO to represent inci- 
dent beam of X-ray tube shift for exposure 
of ball in film IT. Line through N parallel to 
RO for image of cone on film IT. Line through 
P parallel to RO for image of foreign body on 
film II. Where parallel line through P inter- 
sects projected line of foreign body, from film 
I, is distance of foreign object in eyeball 


(XQ). 


8. Since: RN is parallel to XQ (repre- 
senting incident beam from X-ray tube in 
film I position). XP is parallel to RO (repre- 
senting incident beam from X-ray tube in 
film II position). 


9. And: QP is parallel to NO (by con- 
struction). 
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10. Therefore: 
ARNO. AXQP 
XQ _ RN 
QP NO 


xy = 82 x rN 
~ “NO 


11. Since: 
XQ =distance of foreign body (nasally) 
from optic axis. 


NO = e 

RQ=a 

RP = b 

RN = 15mm 
12. And: 


QP =RP RQ =(b-a)or (-atb) 
13. Substituting: 





XQ ~ QP __atb 
No X RN=-—— X15 


ec. Identification of Intraocular Versus 
Extraocular Positions of Foreign Body. Not 
infrequently, foreign bodies are located in a 
position which raises the question as to 
whether they are actually contained within 
the eyeball, or might be resting in the peri- 
ocular fat or even in the eyelid or the bony 
orbit. In such cases it is advisable to make a 
two-exposure study. The headrest may be 
used and the patient positioned in the man- 
ner described in paragraph 13-55b(2). The 
focal spot of the X-ray tube is aligned over 
the center of the orbit and the X-ray tube at 
a working distance, such as 36 inches. Two 
exposures are made, using factors as de- 
scribed (13-55) but without shifting the tube 
between the two exposures; instead, having 
the patient “look up” during the first expo- 
sure and “look down” during the second ex- 
posure. If there is no duplication in the out- 
line of the foreign body or change in configu- 
ration of it, evidence is that it is located out- 
side of the orbit. 

d. Comberg Method (as Modified by Pfeif- 
fer): 

(1) General. The Comberg method for 
intraocular foreign body localization pro- 
vides a scheme of reference points consisting 
of a system of lead markers incorporated as 
part of a contact lens which fits snugly over 
the frontal contours of the eyeball (figure 13- 
56). The reference points are oriented to des- 
ignate vertical and horizontal meridians and 
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Figure 13-56. Contact Lens With Embedded 
Radiopaque Reference Mark- 
ers Used for Intraocular For- 
eign Body Localization. 


are spaced in relationship to the limbus (the 
zone in which the cornea joins the sclera) 
instead of the axis of the eye (figure 13-57). 
With the lens in place radiographic examina- 
tion of the eye is made in the PA and lateral 
projections. Localization of the foreign body 
is effected by relating the reference points 
and the foreign body as they are represented 
on the PA and lateral projections to a special 
plotting chart. To facilitate the examina- 
tion, a special device which serves as a head- 
rest and provides vertical and horizontal 
cassette tunnels is used. See figure 13-58. 
(2) Technical Procedure: 
(a) Positioning and Radiography: 

1. The involved eye is anesthetized 
by topical application of one-half percent of 
Pontocaine Hydrochloride. 
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Figure 13-57. Schematic Representation 
Showing Orientation of Radio- 
paque Reference Points in the 
Comberg Lens. 


2. The patient is instructed to look 
downward and the sterilized contact lens is 
slipped underneath the upper eyelid; then, by 
lifting the lower lid, the lens is carefully ad- 
justed to the contour of the eyeball. 

3. The patient is placed in the lateral 
recumbent position on the X-ray table with 





Figure 13-58. Vertical and Horizontal Film Tunnel Assembly With Patient Positioned. 
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his head resting on the horizontal cassette 
tunnel and facing the vertical tunnel. The 
side of the affected eye is placed nearest the 
horizontal film surface with the sagittal 
plane of the head horizontal and parallel to 
the film surface. The patient’s head is then 
adjusted to assume the Water’s position in 
relation to the vertically placed film. The 
involved eye is aligned opposite the lower 
opening in the vertical cassette tunnel. See 
figure 13-58. : 

4. The patient is instructed to ga 
directly forward. The position of the contact 
lens is checked so that the reference markers 
corresponding to the vertical meridian (fig- 
ure 13-57) are parallel in respect to the sag- 
ittal plane of the head. A small suction-cup 
device is sometimes used to facilitate this 
maneuver. The adjustable “bite-bar” 1s posi- 
tioned so that the patient may hold it in his 
mouth for the purpose of immobilization. 


5. The CR is projected horizontally 
passing through the center of the eyeball to 
the film that is positioned in the vertical 
tunnel. The PA projection is now exposed. (A, 
figure 13-58). 


6. A new film is placed in the horizon- 
tal tunnel, and the lateral is made with a 
vertical projection (B, figure 13-58). The CR 
is aligned to pass through the center (later- 
ally) of the eyeball to the center of the unex- 
posed one-half of the film. The patient is in- 
structed to remain in position until the film 
has been developed. If the film is satisfacto- 
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ry, the patient is assisted from the X-ray 
table and the lens is removed. 
(b) Suggested Technique Factors: 


Projection FFD mAs kVp 
PA 36” 150 85 
Lateral 36” 75 85 


The factors given above are for nonscreen 
technique using regular film. Collimation 
should be used to limit the field of irradia- 
tion; however, both orbits should be con- 
tained in the “cone field” in the PA projec- 
tion. 

(3) Plotting Location of Foreign Body on 
Indicating Chart: 

(a) The radiograph is placed on a con- 
ventional illuminator (view box) and orient- 
ed so that the image of the left orbit, as rep- 
resented on the PA projection is to the view- 
er’s right. 

| (b) Using a rule or straightedge, draw 
(or etch) line AB (A, figure 13-59) joining the 
two images representing the radiopaque ref- 
erence markers in the vertical plane. Simi- 
larly, draw line CD joining the images of the 
reference markers in the horizontal plane. 
The point of intersection of lines AB and CD 
indicates the center of the contact lens. 

(c) Draw a horizontal line EF through 
similar points in the orbits. 

(d) Draw line GH with respect to the 
following: 

1. Through the foreign body (FB) or 
through a selected point on the foreign body 
image. 





Figure 13-59. Schematic Representation, Comberg Method. 











i 
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2. Through the intersection of lines 
AB and CD. 

3. Through the horizontal line EF. 

(e) With a protractor, measure the 

angle formed by the intersection of lines EF 
and GH. In A, figure 13-59, this angle is 55 
degrees. Now draw line G’H’ on the “front 
view’ of the localization chart (figure 13-60). 
This will show the axis of line G’H’ to be 235 
degrees. Next, indicate on the chart whether 
the foreign body lies on the nasal or the tem- 
poral side of the orbit and also designate 
whether the right or the left eye is under 
consideration. 


(f) Place a millimeter rule on line GH 
(A, figure 13-59) and measure the distance 
from a point on the foreign body image to the 
point of intersection of lines AB and CD. In 
this instance, the distance is 8 mm. To com- 
pensate for magnified distortion, multiply 
this number by the average correction fac- 
tor of 0.9. For example, 8 X 0.9 = 7.2 mm. 
The correction factor is derived as follows: 


1. Let: 
X = correction factor. 
Y = actual distance between the radio- 


paque reference markers in the con- 
tact lens. 

Z = distance as measured between the 
images of the radiopaque reference 
markers on the radiograph. 


2. Therefore: 


(g) The true distance (in this instance 
7.2 mm) from the foreign body image to the 
optical center on line GH (A, figure 13-59) is 
marked off on line G’G’ on the front view of 
the chart (figure 13-60) and designated by 
pent “T’’. This completes the plotting for the 

(h) On the lateral view (B, figure 13-59) 
draw the line JK joining the images of the 
radiopaque reference markers in the vertical 
plane. 

(i) Draw line LM perpendicular to line 
JK and passing through a point on the for- 
eign body image. 

(j) With a millimeter rule, measure the 
distance on line LM from the point of in- 
tersection of lines JK and LM to a point on 
the foreign body image. In this instance, the 
distance is 7 mm. Correcting for magnified 
distortion: 7 X 0.9 =6.3 mm, or true distance. 
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(k) On the meridional section of the 
chart (figure 13-60) draw line NO at the level 
indicated for 6.3 mm. 

(1) Draw line PQ perpendicular to line 
NO and 7.2 mm from the optical axis on the 
nasal side. The point of intersection of lines 
PQ and NO represents the location of the 
foreign body according to the meridional 
section of the chart. This completes the plot- 
ting for the lateral projection. 


Ss 
=~ 









S 
iso f// — 3 
eof Pay \\ : 
“AGE 
190 NX: é 3$0 


POSITION OF BODY 
IN FRONT VIEW 


S 3 10 


NASAL SIDE 


itt tet et tT 
err tT 


po 
Leen 
ea 
LC 
~ 
= 
li 

| ag 


WKN LI EE 
POR a 
COCCI ar 





w 
w 
° 


POSITION OF BODY 
IN MERIDIONAL SECTION 


LEFT EYE 
(THREE TIMES NORMAL SIZE) 


Figure 13-60. Chart for Radiographic Locali- 
zation of Foreign Body in the 
oe: With Comberg Contact 

ns. 


13-48 


13-56. Foreign Bodies in the Respiratory and 
Digestive Tract: 

a. General. The air and food passages, 
especially in the laryngeal and upper esoph- 
ageal regions, are frequently examined for 
foreign bodies. The incidence of metallic for- 
eign bodies, especially coins, nails, safety 
pins, and small toys, is much greater in chil- 
dren than in adults. Fragments of bone and 
pieces of meat are most commonly found in 
adults. The site where such objects tend to 
lodge themselves is based primarily on the 
anatomical structure of the region involved 
rather than on the size and shape of the ob- 
ject itself. Some classic examples of foreign 
bodies lodged in various anatomical regions 
are illustrated in figures 13-61 and 13-62. 


b. Localization Procedure. If the foreign 
body is of a metallic nature, there is little 
difficulty in localization, because of the ob- 
ject’s radiopacity. However, in examining 
for a nonopaque foreign body (such as a fish 
bone) lodged in the esophagus, technical 
difficulties may arise due to the nature of 
object densities. With the latter, the follow- 
ing procedure is generally used. The patient 
is made to swallow a small pledget of cotton, 
which has been saturated with a barium sul- 
fate suspension or an iodized oil. (Some ex- 
aminers may prefer to have the patient swal- 
low a barium-sulfate mixture, a teaspoonful 
at a time, especially if the patient is prone to 
gag when the cotton pledget is used.) This 
will cause one of two things: (1) the foreign 
body may become coated with some of the 
contrast agent, and/or some of the contrast- 
saturated cotton fibers may cling to it; or (2) 
the cotton pledget may become lodged at the 
site of the foreign body. Should the first oc- 
cur, there will be a more radiopaque outline 
of the foreign body, facilitating its demon- 
stration on the fluoroscopic screen or on the 
film. Should the second occur, AP and lateral 
projections of the involved region should be 
made immediately. 


SECTION M—SOFT TISSUE RADIO- 
GRAPHY 


13-57. Introduction. Soft tissue radiography 
is a procedure whereby the associated tech- 
nical factors are so balanced as to produce a 
radiograph which provides optimum demon- 
stration of the essential details within the 
soft tissue structure under consideration. 
Since a radiograph of any part of the body is 
a study of the differences in density within 
the area exposed, a practical knowledge of 
the related technical factors influencing the 
range or magnitude of these differences in 
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density is very useful in accomplishing soft 
tissue radiography. The many factors which 
influence radiographic quality have been 
considered in chapter 6. When applied to soft 
tissue radiography, more emphasis is placed 
on some of these factors and less on others, 
depending upon the part or parts of interest. 
The principal aim is to achieve maximum 
contrast based on the differences in density 
of the tissues in question. Some parts of the 
body lend themselves more readily to this 
procedure than others. Anatomical parts or 
areas having great differences in tissue den- 
sity are less difficult to X-ray, and allow for 
a considerable latitude in exposure factors. 
On the other hand, when a body of soft tissue 
consists of adjacent-lying structures, each 
differing in density to an extent approaching 
imperceptibility, it is necessary to employ 
the most exacting technique if maximum 
diagnostic quality is to be obtained. 


13-58. Uses. Some of the situations and con- 
ditions wherein soft tissue radiography may 
be used to considerable advantage are: 

a. Muscles—anatomic outlines of specific 
structures, areas of calcification, ruptures, 
myositis ossificans. 

b. Blood vessels—nascent or other forms 
of calcification, varicose veins, phleboliths, 
thrombi. 

ce. Breast—(with or without injection of 
contrast media) tumors. (See section K, this 
chapter.) 

d. Tumors—extent, location, and charac- 
teristics of cartilaginous or nonosseous 
tumors. 

e. Gas gangrene—presence and extent of 
involvement. 

f. Foreign bodies—especially of the non- 
metallic variety. 

g. Fracture sites—early callus. 


13-59. Technical Factors and Procedure: 

a. General. The vital principle of soft tis- 
sue radiography is that full advantage is 
taken of all factors aiding the accomplish- 
ment of the primary objective--optimum dif- 
ferentiation of the soft tissue details. 

(1) The Technique Must Be Selective. 
For a specific body of soft tissue to be X- 
rayed, all the associated technical variables 
should be “correct” for only that particular 
part under examination; the part or area of 
interest must be definitely circumscribed as 
to zone, extent, thickness, and density. It is 
impractical to attempt combining structures 
of varying thickness and density on the same 
radiograph with the part which is the focal 
point of diagnostic interest. 


{ 


¢ 
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Figure 13-61. Cervicothoracic Region Showing the Typical Position Assumed by a Flat-Shaped 
| Foreign Body (Coin) When Lodged in the Esophagus. 





Figure 13-62. Cervicothoracic Region Showing the Typical Position Assumed by a Foreign 
Body (Open Safety Pin) When Lodged in the Larynx. 
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(2) The Soft Tissue Part Must Be Ade- 
quately Penetrated by the Rays. The main 
objective is to produce differentiation of de- 
tails within the soft tissue structure and not 
merely the semblance of an outline. The 
practical kVp range is from 40 to 70; howev- 
er, this really depends upon the thickness 
and density of the part. Use the lowest kVp 
necessary for adequate penetration. 

(3) The Radiograph Should Exhibit Rela- 
tively High (short-scale) Contrast and the 
Saale of Contrast Must Graduate Over the 
Entire Image Pattern. The emphasis on 
short-scale contrast should be solely for the 
purpose of causing the finer image details to 
be demonstrated clearly. A radiograph pres- 
enting a chalky appearance, areas devoid of 
silver, or areas of excessively dense silver 
deposits is of little or no diagnostic value. 


b. Factors. To obtain the quality of radi- 
ographic contrast suitable for soft tissue 
radiography, the following factors must re- 
ceive consideration: 


(1) A relatively high mAs ratio with as 
low a kVp as is consistent with adequate 
penetration for the particular soft tissue 
structure under examination, should be used. 

(2) Non-screen film in a cardboard holder 
is useful when referring to the detail factor 
and the exposure latitude involved. However, 
the use of intensifying screens aids in ob- 
taining contrast and reduces the exposure 
time. The use of a cassette with single screen 
(back) may prove especially advantageous 
at the very low kVp ranges, where the front 
screen may cause disproportionate absorp- 
tion of RR. In the majority of cases, howev- 
er, satisfactory results can be obtained by 
the use of double screens. Refer to the sec- 
tion on Serial Film Changes for more infor- 
mation on use of multi-speed screens, grids, 
et cetera, which may be used to accomplish 
these procedures. 

(3) Best results are achieved when filtra- 
tion of the primary X-ray beam is at a mini- 
mum, especially if the tissue thickness is 
very small. 

(4) Beam restricting devices are espe- 
cially useful because they limit the amount 
of irradiation to the part, with consequent 
lessening of fogging SR. 

(5) The processing of the exposed film is 
more critical than in conventional radio- 
graphy. Time-temperature development in 
fresh solutions of proper strength is impera- 
tive. Safelighting must conform to proper 
standards of darkroom illumination. Film 
emulsion material must be fresh and of unim- 
paired quality. 
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ce. X-ray Unit. An X-ray unit of the full- 
wave rectification type of sufficient capacity 
and equipped with a rotating anode tube is 
preferred. With this type of unit, it is possi- 
ble to minimize the effects of motion un- 
sharpness by the use of shorter exposure 
times. 

d. Positioning. Positioning of the part is 
as for routine radiography. Modification in 
positioning or in the alignment of the CR 
may be necessary to circumvent overlying 
bone or other structures which may obscure 
the site of interest. 

e. Basic Technique. The basic technique 
factors given below should prove of value as 
a starting procedure, and are listed solely 
for the guidance of the technologist. They 
are based on the average-sized adult using 
a full-wave rectified unit and parspeed inten- 
sifying screens. If a trial exposure is indicat- 
ed to determine the characteristic behavior 
of the X-ray unit or intensifying screens, a 
small portion of the site to be demonstrated 
should be selected and the surrounding areas 
masked off with suitable radiopaque materi- 
al prior to making the exposure. Examina- 
tion of the test exposure should enable the 
technologist to make the necessary adjust- 
ments. If the exposed area on the film is ex- 
cessively dense, the mAs value should be 
reduced; if it is blank or devoid of image de- 
tails, the kVp should be increased. 


Part kVp mAs FFD 
Hand and wrist 25 150 40” 
Elbow and ankle 30 175 40” 
Humerus 28 200 40” 
Leg 32 175 40” 
Knee 32 200 40” 
Thigh 40 200 40” 
Neck 36 175 40” 
Neck, lateral 36 250 48” 


(NOTE: In cases where a self-rectified mobile 
unit is used, careful immobilization of the 
part is stressed.) 


SECTION N—SUBTRACTION* 


13-60. Purpose. The subtraction technique is 
a photographic method for eliminating cer- 
tain unwanted shadows from a radiographic 
film. Subtraction has proved to be a valuable 
tool in angiography where the initial study 
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*Parts of this section are from Principles of 
Subtraction in Radiology by E. I. Dupont de 
Nemours & Co. (Inc). Adapted by permission 
of Dupont. 
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is inconclusive because of bone structures 
which overlap and obscure the contrast filled 
vessels. This is especially true when the con- 
trast medium in the vessel of interest is di- 
luted or the radiograph is underexposed. 


13-61. History.The radiographic subtraction 
technique was first described by a Dutch 
neurologist, Zides des Plantes, in 1934. He 
discovered that by superimposing a subtrac- 
tion mask (diapositive) and a radiograph of 
an arteriogram, which were identical except 
for the contrast medium in the angiogram, 
the unwanted images were cancelled out, 
leaving only the silhouette of the contrast 
filled vessels. Many papers have been writ- 
ten on this subject since its discovery. The 
technique was not widely accepted for sever- 
al years because of the expense and practi- 
cal problems involved in making satisfacto- 
ry subtraction masks and prints of the sub- 
traction results. 


13-62. Principles of Subtraction.The subtrac- 
tion principles can best be demonstrated in 
the figure 13-63. A (scout film) represents a 
radiograph of a random grouping of lead 
numbers and letters. B (angiogram) 1s a rep- 
resentation of the same radiograph as A, to 
which the letters R, I, and O have been added. 
C represents the subtraction mask. The 
mask must be reverse tone and must pres- 
erve the density differences of the scout film. 
If C is superimposed over B, all images are 
cancelled out except for the R, I, and O which 
were added and which would represent the 
contrast medium in an angiogram. (See fig- 
ure 13-63D.) At this point a subtraction 
print may be made if desired (see figure 13- 
64). 


13-63. The Scout Film.During the angio- 
graphic procedure, but prior to the introduc- 
tion of the contrast medium, a scout radi- 
ograph is obtained of the area under consid- 
eration. This scout film must be identical to 
the angiographic film except for the presence 
of the contrast medium. Normally one or two 
serial films are programmed just prior to the 
injection for this purpose. Complete immobi- 
lization during the procedure is essential to 
allow precise superimposition of the two sim- 
ilar radiographs. Once the film to be sub- 
tracted is selected, you are ready to proceed. 


13-64. Subtraction Methods.Many subtrac- 
tion methods have proved satisfactory. It 
would not be possible or practical to explain 
them all. For this reason we will limit our 
discussion to one method which may be per- 
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formed in a standard radiographic dark- 
room, with a minimum amount of special 
equipment. We will also discuss a commer- 
cially produced subtraction printer. 
a. Subtraction Without a Subtraction 
Printer: 
(1) Equipment: 


(a) Printing Frame. May be construct- 
ed from an X-ray cassette by removing both 
screens and replacing the bakelite front of 
the cassette with a piece of glass. The felt 
lining should be left on the back to ensure 
even pressure on the film. 

(b) Radiographic Viewbox. Standard 
viewbox. 

(c) Film. Commercially produced sub- 
traction film or any single emulsion photo- 
graphic film with a long tone scale is used to 
make the mask and subtraction prints. 

(d) Light Source. Ten-watt incandes- 
cent light bulb. 

(e) Processing Solutions. Standard 
manual or automatic processing. 

(2) Technique: 

(a) Assembly of Films. Place scout ra- 
diograph against the glass front of the 
printing frame, followed by the unexposed 
subtraction or photographic film (emulsion 
side down). 

(b) Exposure. A single 10 watt incan- 
descent bulb is used at a distance of 6 feet. 
The exposure time should be approximately 2 
seconds. Trial exposures may be required in 
order to determine a more precise exposure 
time. 

(c) Processing. Process in automatic 
processor or manually using normal time- 
temperature consideration. | 

(d) Superimposing. Utilizing a hori- 
zontal viewbox, superimpose the selected 
angiographic film and the mask. If the films 
do not superimpose precisely, this indicates 
that there was motion between the scout and 
the serial films. If this occurs, you must at- 
tempt to superimpose those areas of great- 
est diagnostic importance. If the films do 
superimpose, you will see that the undesira- 
ble shadows have been cancelled out. 

(e) Subtraction Print. For daily diag- 
nostic work, step (d) is all that is necessary. 
However, if a subtraction print is required, 
the procedure is as follows: Tape the super- 
imposed contrast film and mask together and 
place them in the printing frame followed by 
the unexposed photographic or subtraction 
film. Make the exposure as in step 2; howev- 
er, because of the double thickness of film, it 
is necessary to increase the exposure time by 
two times or more. Now process the film. If 
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the steps have been followed carefully b. Subtraction Using a Subtraction Print- ¢é 
throughout the procedure, the complete path er: 

of the arteries will be visualized, as obscur- (1) The method previously discussed will 

ing bony structures have been removed. produce good subtraction films consistently 








dus. 





Figure 13-63.Ilus‘ rations Showing the Principles of Subtraction. 
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Figure 13-64. Subtraction Print. 


with only a minimum expense. However, in 
large installations where subtraction is done 
frequently on a routine basis, it may be ad- 
visable to invest in a commercially produced 
subtraction printer (see figure 13-65). 


(2) The Cronex subtraction printer was 
designed especially for radiographic use to 
simplify the subtraction procedure. The unit 
will handle all film sizes up to 14 X 17 inches. 
Two sets of film hold-down strips make the 
superimposition of the mask and angiogram 
films much simpler without the need for time- 
consuming taping to hold films. The platen of 
the unit provides tight contact and a special 
resilient surface equalizes pressure over the 
entire film surface. The platen is held closed 
by a strong latch which exerts a constant 
pressure. 


(3) Three light sources are available. 
One is for viewing during superimposition, 
another is a white light source used in mask 
and subtraction print exposure . The third is 
an ultraviolet source for use in making du- 
plicate radiographs. 


(4) The scout film is placed on the glass 
plate of the printer and held in place by two 
of the hold-down strips, as shown in figure 
13-66. A sheet of Cronex Subtraction Film is 
placed, emulsion side down, on the scout film. 
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The platen is closed to engage the magnetic 
latch. Then with the selector switch in the 
subtract position, the required exposure 
time is set on the timer, and the timer on-off 
switch is turned on. The exposure time 





Figure 13-65. Cronex Subtraction Printer. 
[Courtesy E.I. duPont deNemours & Co. 
(Inc)]. 
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Figure 13-66. Scout Film Held in Place by 
Hold-Down Strips. [Courtesy E. I. duPont 
deNemours & Co. (Inc).] 


should be about 3 seconds. The exposure is 
then made by pressing the start button on 
the timer. The clicking sound of the timer 
automatically resetting for the next expo- 
sure signifies completion of the exposure. 
Each subsequent exposure will automatical- 
ly be the same unless the time selected is 
changed. 


(5) A correctly exposed mask will look 
like figure 13-67 after processing. One should 
remember that scout-film densities greater 
than the highest mask-film density cannot be 
masked. A common error is to make the mask 
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Figure 13-67. Correctly Exposed Mask. 
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too light by using too little exposure. The 
result is improper masking. An underex- 
posed mask is shown in figure 13-68. Similar- 
ly, overexposing will result in loss of some of 
its masking capability. There is no need to 
make a mask darker than the scout film im- 
ages which need masking. With some prac- 
tice, one can readily recognize a properly 
exposed mask. 


(6) The mask is placed on the printer 
with the emulsion side up. It is held in place 
with two of the hold-down strips. The angio- 
gram is placed over the mask and under the 
remaining two hold-down strips. Then, with 
the view light switch turned on, the angio- 
gram can be carefully positioned in exact 
superimposition. These hold-down strips 
prevent movement of the mask, while the 
angiogram position is adjusted. The tech- 
nique is illustrated in figure 13-69. When the 
two films are properly aligned, they will be 
held in place by the hold-down strips. Taping 
is unnecessary. 


(7) The view light is turned off and a 
sheet of Cronex Subtraction Film is placed, 
emulsion side down, over the two films on the 
Cronex Printer. The exposure time selected 
for making the print in general should be 
about twice that used for the mask. The ex- 
posure is made as before, and the print is 
processed. 

(8) Cronex Radiation Imaging Film may 
be used as a print film material if print con- 
trast higher than that obtained with Sub- 
traction Film is desired. The higher contrast 
of the Radiation Imaging Film makes it un- 
suitable for use as a film for making the 
mask. The exposure selected when using 
Radiation Imaging Film as a print film will 
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Figure 13-68. Underexposed Mask. 
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Figure 13-69. Mask and Arteriogram Held in 


Place by Hold-Down Strips. [Courtesy E. I. 
duPont deNemours & Co. (Inc).] 
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be about twice that used with the Subtrac- 
tion Film. 


SECTION O—FILM REPRODUCTION 


13-65. Introduction. Since the first radi- 
ographs were produced, there has existed a 
definite need for a means of “copying” these 
films. The finished radiograph is a perma- 
nent “slice” of the patient’s health history, a 
fixed piece of evidence of his condition at a 
certain time and place. Every patient’s film 
file should be kept intact and complete at the 
initiating medical institution. But the pa- 
tient does not always stay with this particu- 
lar radiology clinic. If he moves far from this 
clinic, then his new physician may need these 
films. If duplications can be made, these can 
be forwarded to any requesting physician. 
At times, medical researchers will want to 
study radiographs of important cases. The 
patient’s original file stays intact if duplica- 
tions can be forwarded to requesting par- 
ties. Another important use of duplications 
is in the instruction of physicians and other 
medical personnel. Large scale teaching con- 
ferences for hundreds of physicians have 
been conducted using duplicated films (see 
figure 13-70). 


13-66. The Scope of Reproduction: 

a. Duplication is a subclass of Reproduc- 
tion. Reproduction is any means of getting a 
replica of an image produced by radio- 
graphy. It includes any method of transmit- 
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ting or copying the X-ray } image (see figure 
13-71). Duplication is only one set of 
these techniques. Other subclasses are the 
following: Long-Distance Image Transmis- 
sion, Photographic Copying, and Image 
Enhancement. Long-distance transmission 
includes “facsimile” copies and television 
images. Both TV and facsimiles have been 
used with some success since 1948-1951. As 
yet, this promising field has not achieved 
general use. Photographic copying goes 
back to the earliest days of radiography. 
The field includes slides, ordinary photo- 
graphic copying, polaroid copying, and mi- 
crofilming. One advantage of copying is that 
the size of the replica is reduced, thereby 
reducing storage requirements. 


b. Image enhancement is generating a 
great amount of research interest at pres- 
ent. It has been known for some time that 
skilled control of light intensity during du- 
plication could result in an “enhanced”’ film: 
the second film shows more of what the ra- 
diologist wants to see than the original. One 
old method of enhancement is “dodging”’’: 
variation of light intensity is applied to a 
selected portion of the original during the 
printing process. The printed second film 
discloses features not readily apparent on 
the original. LogEtronics has put “dodging”’ 
under the control of modern electronic and 
cybernetic technology, resulting in consist- 
ently enhanced films. Subtraction is proba- 
bly the most widely used technique of enh- 
ancement (see section N, this chapter). One 
potential technique of enhancement is the 
television-electronic method. During experi- 
mentation with TV transmission of radi- 
ographic images, researchers discovered 
that various electronic manipulations ac- 
tually could improve the visualization of 
structures difficult to detect on the original. 
At present, this promising method is in its 
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Figure 13-70. Applications of Reproduced 
Radiographic Film. 
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Figure 13-71. Block Diagram Showing Various Methods of Film Reproduction. 


c. As can be seen, there is a wide range of 
reproduction techniques. Discussion here 
will be limited to the set of methods called 
duplication. Physicians want all the infor- 
mation that the original film can reveal; con- 
sequently, the duplicate film should be as 
nearly identical to the original radiograph 
as the technique will allow. Some detail will 
be lost in the duplicating process no matter 
which technique is used. However, technolo- 
gists can keep the loss to a minimum by 
knowing some of the basic principles of film 
duplication and sy using prescribed proce- 
dures. Practically every major radiology 
clinic has some means of duplicating radi- 
ographs. Every technician probably will be 
called upon to produce duplicate films at 
some time in his career. In this text duplica- 
tion 1s divided into two major categories: 
solarization and commercial printers. The 
technologist should be thoroughly aware of 
the basic principles of solarization, since the 
principles are also applicable to commercial 
printers. 


13-67. The Basic Principles of Solarizat- 
ion. Solarization involves a “white light” 
source. This can be either natural sunlight 
or artificial white light. The derivation of 
the term “solarization” reveais that sun- 
light was originally employed as the source. 
But later experimentation disclosed that 


artificial light is better because it is easier 
to control. But whether natural or artificial 
light is used, the basic arrangement remains 
the same (see figure 13-72). First, there must 
be a light source. Second, an original radi- 
ograph is interposed between the light 
source and the duplicating film. Finally, 
there must be close, even, and immobilizing 
contact between the radiograph and the du- 
plicating film. Although commercial dupli- 
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Figure 13-72. Solarization Principles. 
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cating and regular radiographic film can be 
used with solarization, duplicating film pro- 
duces the best results by far. Solarization 
relies on an unusual and not completely un- 
derstood trait of photographic and radi- 
ographic emulsions. If a film is exposed to 
some source of radiation (white light, X-ra- 
diation, et cetera) and then processed, it will 
have an overall dark density. Instead of 
processing this exposed film, a small area of 
it 1s reexposed to light. At this time the film 
is processed. The reexposed area does not 
appear darker, as one might expect. The 
area becomes lightened. Solarization has 
occurred. If an original radiograph is placed 
in close contact with one of these preexposed 
films and white light is allowed to pass 
through the original and reexpose the preex- 
posed film, then a representative replica 1s 
obtained. The “white” or dense body parts on 
the original radiograph allow the white light 
to pass through, and cause a corresponding 
“lightening” of the second film. The dark to 
black portions of the original will allow little 
or no light to pass, and the initial preexpo- 
sure will remain unlightened. 


a. Natural (Sunlight) Solarization: 

(1) The natural (sunlight) technique of 
solarization is very simple and doesn’t re- 
quire expensive, intricate equipment. The 
light source is the sun. The sky does not have 
to be cloudless; in fact, even shaded areas 
can be utilized. The original radiograph 
must be placed in front of the duplicate film, 
and the two films must be stabilized in close, 
firm contact facing the sun. This contact can 
be accomplished with a heavy pane of glass, 
or with a solarization cassette. An ordinary 
cassette can be easily modified to make a 
solarization cassette. The bakelite front is 
removed or cut out, and it is replaced with a 
transparent sheet of glass. 

(2) As an example of the natural solari- 
zation technique, the procedure will be fol- 
lowed sequentially, using a solarization cas- 
sette. The cassette is loaded under normal 
darkroom conditions, with the original radi- 
ograph inserted first, next to the transpar- 
ent front. The duplicating film is placed on 
top, and the cassette is closed. The cassette 
is covered to shield the films from ambient 
light, and carried to a suitable location for 
solarization. This location should be stable 
and relatively motionless. The next step is to 
check light intensity with a photographic 
light meter. The technologist cannot be cer- 
tain of results unless accurate light intensi- 
ty readings are correlated with the resultant 
duplicate. The technologist can now remove 
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the cover and expose the films to daylight. 
Avoiding extreme heat, the cassette should 
face the direct rays of sun. When the expo- 
sure period is completed, the cassette is re- 
covered, and removed from the exposure 
area. The duplicate film is ready to be proc- 
essed. Processing is critical in solarization. 
Most solarization techniques call for the use 
of manual processing. The development in- 
terval can vary from 1 minute to 5 minutes, 
depending on the other factors involved (see 
table 13-3). Fixing, washing, et cetera, re- 
main the same as for ordinary radiographic 
processing. It is especially important that 
all solutions be fresh and uncontaminated. 
Duplicated films are extremely sensitive to 
below-par solutions. 
b. Artificial Solarization: 

(1) There are some special considera- 
tions for artificial white light solarization. 
In daylight methods, the distance of the light 
source (the sun) from the film is not a matter 
of concern. For most artificial methods, light 
source to film distance becomes critical. Fol- 
lowing the inverse square law, a shift of a 
few inches in the source to film distance can 
drastically increase or decrease the intensi- 
ty of light. If there is not an adequate dis- 
tance maintained, “heat fog” from the 
source can diminish the value of the dupli- 
cate. If the source is too remote, then the 
exposure period will be unduly prolonged. 
Also, the light source should be centered to 
the film. Otherwise, one portion of the film 
will receive more direct rays of light, result- 
ing in a duplicate film of uneven density and 
contrast. (See figure 13-73.) 

(2) As with daylight solarization, the 
films can be uncovered for the desired expo- 
sure period and then recovered. Another 
simple technique, giving stricter control of 
the time period, has the exposure take place 
in a darkroom, with the light switched on for 
the desired period. The exposure setup can be 
arranged along a horizontal or a vertical 
axis. Both arrangements maintain a con- 
stant distance between the light source and 
the films. A distance of 40 to 50 inches 1s rec- 
ommended, but whatever the distance used, 
it must remain constant for similar results, 
and any changes made should allow for the 
effects of the inverse square law. A Number 
1 photoflood light or a 150 watt spotlight can 
be used as the source. A reflector with the 
light is recommended. Artificial light sources 
emitting a yellowish light, such as ordinary 
light bulbs, are not as satisfactory for dupli- 
cation as those sources tending toward the 
blue range of the spectrum. 
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nary illuminator and a solarization cassette, 

positioned either vertically or horizontally. 

The transparent front of the loaded cassette 

is put in close contact with the front of the 

illuminator (see table 13-3 for other informa- 

tion). However, there are perils in this meth- 

od. The fluorescent tubes of the illuminator 

sometimes leave visible marks on the dupll- 

cated film, and occasionally “heat fog” is 

ORIGINAL FILM ad observed. Also, the inherent characteristics 

DUPLICATE FILM of each illuminator lead to the emission of a 

different intensity of light for each; power 

source differences and changes, circuitry 

differences, tube differences, and screen dif- 

ferences all cause significant changes. Bear- 

LIGHT SOURCE OFF CENTER ing all these cautions in mind, excellent re- 
sults can be achieved with illuminators. 


13-68. Commercial (Duplicating) Print- 
ers. Solarization, both natural and artificial, 
is being replaced in recent years by commer- 
cial duplicating printers employing ultravi- 
olet one ee ice ee 
sources. Ultraviolet ( ight has been 
ee eee found to produce more satisfactory and con- 
paren ep are a eere aj sistent duplications. Many duplicating 
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ORIGINAL FILM printers in use have been converted to UV, 

DUPLICATE FILM and duplicating films are now manufactured 

specifically for UV light sources. On some 

ADEQUATE DISTANCE printers all ae . ed ee conver- 
sion is to replace the blue-white light source 

SOURCE Geen with one that gives off UV light. The operat- 
ing principles of the duplicating printer are 

not complicated (see figure 13-74). In fact, 


the basic principles of solarization will be 


found in the operation of the printer. Two 
well-known duplicating printers will be de- 
scribed: the Blu-Ray Radiograph Duplicat- 
ing Printer, manufactured by the Reproduc- 


rune ee “4 tion Engineering Corp, Essex, Conn, and the 
ORIGINAL FILM arn Ht Cronex Printer, manufactured by DuPont. 


DUPLICATE FILM 


CONTINUOUS RUBBER STRIPS 


Figure 13-73. Correct Light-Source to Film 
Relationships With Artificial 
Solarization. 
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(3) An exposure time ranging from 15 to 
60 seconds is used, depending on the film con- 
trast desired (see table 13-3). Remember— as FLUORESCENT LIGHT 
exposure time increases, the duplicated film 
gets “lighter”, and as the time decreases, the — ORIGINAL FILM = 
film gets “darker”. As with daylight solari- 
zation, the use of a light meter to determine 
accurately the intensity of the light is 
strongly advised. With artificial light, close 


GLASS CYLINDER 


DUPLICATING FILM 


(Emulsion side up) 


control of all factors is possible, and more 
predictable results follow. Figure 13-74. Duplicating Printer Showing 


(4) One simple artificial method is wor- _ the Path of the Film Past the 
thy of special mention. Tn involve: an orci Light. 
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The operation of the Blu-Ray Printer will 
be examined first. There are thousands of 
these printers in use in the United States 
alone, so nearly every technologist will oper- 
ate one sometime in his career. 


a. The operation of the Blu-Ray Printer 
will be traced sequentially. In an ordinary 
darkroom, a sheet of duplicating film is 
placed in position on the feeder tray of the 
printer with the emulsion (smooth) side up. 
The original radiograph is placed on top of 
this film in the tray. The printer has a power- 
driven system for moving the two films past 
a light source. The duplicate film is single- 
emulsion type with an antihalation coating 
opposite the emission. “Halation” is the 
spreading of light beyond the boundaries of 
the original image. This antihalation coat- 
ing helps prevent this spreading by reducing 
reflected light which could fog the duplicate. 
The coating is removed during processing. 
Both films are gently inserted forward to- 
gether into the machine until they are 
caught up by the transport system. The films 
are kept in close contact as they pass the 
light source. Both films are returned in 6 
seconds. The exposed duplicate film can be 
then processed manually or automatically in 
the usual manner. 


b. One of the newest instruments on the 
market is the DuPont Cronex Printer. It not 
only has duplicating capabilities, but can 
perform subtraction procedures also. (See 
section N, this chapter.) The printer, operat- 
ed under darkroom conditions, is simple to 
operate. The selector switch is set for “dupli- 
cation’, and the timer is adjusted to the de- 
sired period. The original film is placed on 
the flat glass surface; the duplicate film is 
laid on top, emulsion side down. A pressure 
cover (“platen”) with a foam surface is low- 
ered and locked in place. The start button is 
pressed, and the exposure is completed. 


c. Boththe Blu-Ray and the Cronex Print- 
ers have a means of light intensity control. 
Blu-Ray has a light intensity control knob, 
and Cronex has a timer. High settings pro- 
duce relatively “lighter’’ films, and low set- 
tings “darker” films. Usually the first trials 
of duplication are set at “5” on the Blu-Ray 
control knob, and at 3-4 seconds on the Cro- 
nex Timer. Settings are increased or de- 
creased as needed. As with all duplication, 
there is always the possibility of image en- 
hancement through the contro! of light in- 
tensity. 


AFM 160-30/TM 8-280/NAVMED 


P-5119 1 August 1974 


SECTION P—TOMOGRAPHY 


13-69. Introduction: 

a. Conventional methods of radiography 
often result in the superimposition of images 
on a_ two-dimensional film. Stereoradi- 
ography alleviates this condition to a consi- 
derable degree, and is often the procedure of 
choice. However, to demonstrate a particu- 
lar layer of the body unobscured by images 
of overlying and underlying structures, a 
special technique known as tomography can 
be employed. Tomography with a very small 
exposure angle is called zonography. 

b. Tomography (body-section _ radio- 
graphy) encompasses several methods by 
which a specific layer of the body can be 
demonstrated to the exclusion of overlying 
and underlying structures. Images of objects 
lying in other planes are eliminated, or at 
least minimized, by blurring. For example, a 
lesion in the chest may be radiographed free 
of overlying rib shadows. Figure 13-75 is an 
example of a tomogram (a radiograph pro- 
duced by tomography). 

c. Tomography is a useful technique in all 
phases of radiography and can reveal the 





Figure 13-75. Tomogram of a Temporomandi- 
bular Joint. 
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correct diagnosis in many instances when it 
would otherwise be missed. It can be used 
successfully with and without contrast me- 
dia and plaster casts. 


13-70. Tomographic Systems. Radiography 
of a layer or section of the body is known by 
many names, such as tomography, stratigra- 
phy, laminagraphy, planigraphy, et cetera. 
As a general rule, the names were applied to 
the patented apparatus; however, the basic 
principles of operation are the same. To 
standardize the nomenclature, the Interna- 
tional Commission on Radiological Units and 
Measurements (ICRU) in Handbook 89, rec- 
ommends that tomography be used to de- 
scribe all body-section techniques. Hand- 
book 89 further classifies the systems ac- 
cording to the methods involved. This text 
describes two moving tube systems called 
rectilinear and pluridirectional. 

a. Rectilinear. The tube and film move in a 
straight line. This movement can be de- 
scribed as plane-parallel. Some tomographic 
apparatus will only perform a rectilinear 
movement longitudinally to the long axis of 
the table. Others will perform crosswise and 
diagonal movements with respect to the long 
axis of the table. See figure 13-76. Rectili- 
near movements are often adequate for tom- 
ograms of the lungs, kidneys, and simple 
bony structures. 
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Figure 13-76. Tomographic Systems. 
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b. Pluridirectional. Pluridirectional (mul- 
tidirectional) systems as a general rule pro- 
duce better tomograms of areas which re- 
quire maximum blurring, such as the optic 
canal, inner ear, and complicated bone struc- 
tures. In polytomography, the term usually 
used for pluridirectional systems, there is a 
wide variety of movements. They include cir- 
cular, elliptical, hypocycloidal, spiral, sinu- 
soidal, and random. See figure 13-76. The 
first three of these are discussed below. 

(1) Circular. Although the circular move- 
ment is the simplest of the polytomographic 
movements, it offers complete blurring. Cir- 
cular movement is accomplished with the 
tube tilted 20° to 40°. This pattern is benefi- 
cial for views of the lumbar spine. 

(2) Elliptical. The elliptical movement 
appears as an oblong circle. Most polytomo- 
graphic units will produce an elliptical 
movement longitudinally, crosswise, or diag- 
onally to the long axis of the table. It is 
usually used for lateral projections of the 
lungs. It is also excellent for studies of the 
cervical and dorsal spines. 

(3) Hypocycloidal. Hypocycloidal is the 
most complex of the polytomographic move- 
ments. It makes a pretzellike cut that pro- 
duces the most perfect blurring. Virtually 
all overlying and underlying structures, 
bony or otherwise, can be totally obscured 
by this movement. It can be used for skull 
detail and is excellent for joint spaces. 


13-71. Principles of Tomography. Figure 13- 
77 illustrates the principles of tomography 
with a rectilinear system. 

a. Apparatus. Basically a rectilinear 
tomographic apparatus consists of a stand- 
ard radiographic table, a movable cassette 
tray, and a movable tube head. (Polytomo- 
graphic apparatus is designed specifically 
for polytomography and is much more com- 
plex than rectilinear apparatus.) The tube 
head and the cassette tray are attached, 
respectively, to opposite ends of .a vertical 
bar which is pivoted at a selected point be- 
tween the tube and the cassette tray. 

b. Fulcrum Point. The point, or level, at 
which the vertical bar is pivoted is known as 
the fulcrum point. At this point there is, con- 
trolled minimum motion. This is the operat- 
ing principle of tomography--above and be- 
low this point there is motion when the tube 
is moved (see figure 13-77). The fulcrum point 
also determines the focal plane. 

c. Focal Plane. The level, or plane, of the 
body section to be examined is known as the 
focal plane or datum plane. This level corre- 
sponds to the fulcrum point. 
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Figure 13-77. Schematic Representation II- 
lustrating the Principles of 
Tomography. 


d. Operation. As the tube travels in one 
direction, the cassette tray travels in the 
opposite direction. The exposure is made dur- 
ing this movement. Shadows of the image at 
the focal plane will appear on the same area 
of the film throughout the movement and 
exposure. This is true because at the fulcrum 
point or focal plane, there is minimal move- 
ment. On the other hand, the shadows of all 
other planes, below and above the focal 
plane, will be projected on different portions 
of the film during the movement. The result 
will be a sharp and discernible image at the 
focal plane. All other images will be blurred 
out and, therefore, indistinct. See figure 13- 
TT. 


13-72. Factors of Section Thickness. The 
thickness of the layer, commonly referred to 
as the cut, 1s measured in mm and is con- 
trolled by two factors— the amplitude of 
tube travel and the FFD. 


a. Amplitude. Amplitude is the distance in 


inches that the tube travels during the expo-. 


sure. A short amplitude will project a thick 
section; a long amvlitude wi] ao HEE ‘t qa thi 
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on polytomographic units. On rectilinear 
units, the amplitude must be set manually. 

b. FFD. When the amplitude remains con- 
stant, the shorter the FFD, the thinner the 
section. This is true because more tube move- 
ment, and consequently more blurring, oc- 
curs in the planes above and below the focal 
plane. On the other hand, the greater the 
FFD, the thicker the section. 


13-73. mAs. Because of the increase in part 
thickness due to tube movement, the mAs 
must be increased from 50% to 100% over 
the mAs normally used in radiography for 
the same body part. 


13-74. Exposure Time, Amplitude, and Rate of 
Tube Travel. In polytomography, amplitude 
and rate of tube travel are automatically set 
when a particular tube movement is selected. 
Exposure time for each movement is found in 
the manufacturer’s operating manual. In 
rectilinear systems, the three factors can 
usually be adjusted to fit the situation. 

a. Exposure Time. To find the exposure 
time when the amplitude and the rate of tube 
travel (in inches per second) are known, div- 
ide the amplitude by the rate. The formula is 
expressed as follows: 


amplitude 


exposure time = sate ottubetravel” 


For example, if the amplitude is 15 inches 
and the tube is to travel 10 inches per sec- 
ond, then the exposure time would be 1.5 sec. 

b. Amplitude. When the exposure time and 
the rate of tube travel are known, mutiply 
them to find the amplitude as follows: 


amplitude = rate of tube travel X exposure 
time 

For example, if the rate is 10 inches per sec- 

ond and the exposure time is 1.5 sec, then the 

amplitude would be 15 inches. 

c. Rate of Tube Travel. When the ampli- 
tude and the exposure time are known, divide 
the amplitude by the exposure time to find 
the rate of tube travel, as follows: 


_ amplitude 
rate of tube travel = exposure time 
For example, if the amplitude is 15 inches 
and the exposure time is 1.5 sec, then the rate 
would be 10 inches per second. 


13-75. Simultaneous Multilayer Tomography. 
on uf the disadvantages of tomography is 
he necessity for making repeated exposures 
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at various levels of fulcrum height, to ade- 
quately demonstrate a sizeable lesion in a 
large structure. This entails massive irra- 
diation to the patient, is time consuming, is 
conducive to error in the demonstration of 
those parts which move with respiration, 
and requires the patient to lie motionless for 
long periods. These objections have been 
overcome to a large extent by the develop- 
ment of a method whereby several layers can 
be simultaneously recorded with one expo- 
sure. 

a. Simultaneous multilayer tomography is 
done by placing several “sandwiches,” con- 
sisting of films and intensifying screens, in a 
thick cassette, with balsa wood or suitable 
foam-rubber spacers placed between the 
sandwiches, as shown in figure 13-78. 

b. Equal spacing of these sandwiches will 
produce radiographs of equally spaced lay- 
ers in the body, although the dimensions in 
the body and in the cassette will not be iden- 
tical. This relation can be expressed by the 
formula 


T.B-X 


ee TG. 


when the letters refer to those dimensions 
shown in figure 13-79. In this case, d refers to 
the distance between the midpoints of the 
layers reproduced, and X refers to the dis- 
tance between the films. 

c. The successive layers of screen, film, 
and spacers will absorb radiation. Compen- 
sation must be made for this absorption if 
the resulting radiographs are not to be suc- 
cessively less dense. This can be accom- 
plished in several ways: (1) by making 
masks, (2) by using dyes which will absorb 
decreasing amounts of fluorescent light from 
the screens, (3) by using pairs of faster 
screens at lower levels, or (4) by successively 
Increasing the development time of each film, 
(not a very satisfactory method). 

d. To penetrate the sandwiches, it is neces- 
sary to use a higher than normal kVp. 

e. Fog from SR may be controlled by using 
an increased part-film distance rather than a 
grid. This technique permits the use of a 
lower mAs value, thereby reducing the dose 
to the patient. 

f. A special cassette using three films, 
which will fit.in a Bucky tray, is available 
for tomography. Cassettes providing more 
than three layers per exposure are usually 
too thick to be used in an unmodified X-ray 
table. 
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Figure 13-78. Multilayer Cassette. (A) Con- 
tainer, (B) Arrangement of Screens and Films, 
(C) Detail of (B). 


13-76. General Procedures. For a tomograph- 
ic examination the patient is positioned on 
the table as for ordinary radiography. The 
part is measured and the basic exposure 
technique selected. Then a fulcrum point is 
selected to correspond to the level of the fo- 
cal plane in centimeters. Usually, several 
exposures, or cuts, are made at different 
planes until the desired plane is demonstrat- 
ed. In sections where tomographic units are 
available, precise operating instructions 
depend upon local policy. However, certain 
general instructions apply in most cases. © 

a. Control of Image Detail. Because of the 
blurring effect produced by the movement of 
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Figure 13-79. Multilayer Principle. Point A 
is projected to center of top film, B to center 
of middle film, and C to center of lower film. 


the tube and the film, the image is likely to be 
unsharp unless you: 

(1) Use the minimum object-film distance. 

(2) Select an FFD of at least 30 inches. 

(3) Use a small focal spot. 

(4) Select an exposure technique that 
will provide adequate penetrations. 

(5) Insure that the section is not more 
than 2 to 3 mm thick. 

(6) Give the patient breathing instruc- 
tions just before the exposure. Do not forget 
that tomographic exposures are longer than 
normal radiographic exposures. This gives 
the patient more time in which to breathe, 
thereby increasing the possibility of motion. 

b. Positioning Instructions. In polytomog- 
raphy, the tube movement is usually selected 
on the basis of how well it will demonstrate a 
particular body part. Many tomographic 
units, however, only have a rectilinear move- 
ment in one direction--longitudinally to the 
long axis of the table. With a rectilinear 
movement it is necessary at times to alter 
the patient’s position to achieve the best 
results. For maximum blurring, the superim- 
posed structures should be at a 90° angle to 
the tube movement. If, for example, the ribs 
are under study, the patient should be posi- 
tioned across the table. This will place the 
spine (the major superimposing structure) at 
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a 90° angle to the tube movement; conse- 
quently, it will be blurred. But the ribs, posi- 
tioned so that they are parallel to the tube 
movement, will be clearly demonstrated. 
When there are two major superimposing 
structures at right angles to each other, the 
patient may be positioned at an angle of 25° 
to 30° to the direction of tube travel. An 
example of this is the sternum. If the patient 
is aligned parallel to the tube travel, the 
spine will be parallel with the tube move- 
ment and will not be effectively blurred. 
If the patient is positioned across the table, 
the ribs will be parallel to the tube move- 
ment and will not be blurred. The solution, 
then, is to position the patient so that the 
ribs and spine, each about 25° to 30° to the 
direction of the tube movement, will be 
blurred. This will provide a good demonstra- 
tion of the sternum. 

ce. Patient Protection. During an average 
tomographic examination, the patient will 
receive about the same amount of radiation 
that he would receive in a fluoroscopic and 
radiographic examination of the spinal can- 
al (myelography).This is true because the 
mAs is increased and because several “cuts” 
are usually required in one examination. To 
minimize the amount of radiation the patient 
receives, you should see that radiation pro- 
tection measures are properly applied. 


SECTION Q—AIR GAP TECHNIQUE 


13-77. Introduction. Body parts with high 
atomic density and/or thickness require an 
Increase in kVp or kVp and mAs. The 
amount of SR produced is also increased. 
Grids are normally used to reduce the quan- 
tity of SR reaching the film. In some instanc- 
es the air gap technique can accomplish the 
same thing without using a grid. Air gap 
technique can be especially useful in magni- 
fication radiography where grid lines may be 
objectionable. A practical example of the air 
gap technique that has been used for many 
years is the lateral cervical spine taken at 
72-inch FFD. 


13-78. Principles of Air Gap. The effect of the 
air gap in reducing SR can be seen by refer- 
ring to figure 13-80. In the example shown, at 
the 72-inch FFD with no air gap, most of the 
SR reaches the film. At 120 inches with a 6- 
inch air gap, it can be seen that a large por- 
tion of the SR, due to its angle of divergence, 
misses the film. The FFD was increased to 
120 inches to decrease the magnification 
caused by the increased OFD (air gap). This 
increase In FFD requires an increase in the 
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exposure factors which can be determined by 
applying the inverse square law. The 
amount of air gap used will vary depending 
upon the thickness and spatial arrangement 
of the internal structures of the part being 
radiographed. Keep in mind that those stuc- 
tures farthest from the film are displaced the 
most by divergence of the primary beam and 
that the amount of displacement will in- 
crease as the air gap is increased. This tech- 
nique has limited applications and probably 
the most effective method of evaluating its 
use 1s to construct your own phantoms and 
experiment with various combinations of air 
gap and FFD. Arrive at a combination that 
works best with the equipment available. 
Remember the smaller the focal spot you use 
the less magnification you will have. 


13-79. Starting Chest Technique. Below are 
some starting chest techniques using 120” 
FFD, screens, no grid, 126 kVp, and a 6” air 
gap. 
a. PA: 
cm range 
16-17 
18-19 
20-21 
22-23 
24-25 
26-27 
28-29 
b. Oblique: 
cm range 
22-23 
24-25 
26-27 
28-29 
30-31 
32-33 
34-35 


c. Lateral: 
cm range 
22-23 
24-25 
26-27 
28-29 
30-31 
32-33 
34-35 
36-37 
38-39 
40-41 


d. Lordotie: 
cm range 
18-19 
20-21 
22-23 
24-25 
26-27 
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Figure 13-80. Reduction of SR to the 
Film Using Air Gap Tech- 
nique. 


SECTION R—ULTRASONOGRAPHY 


13-80. Introduction. Ultrasonography is a 
diagnostic procedure which results in visual 
demonstration of anatomical structures by 
the use of high frequency sound waves. Al- 
though ultrasound has been used in other 
fields for quite some time, its application to 
the field of medicine is still in the early 
stages of development. It is, therefore, not 
the intent of this section to provide a de- 
tailed explanation but only the basic con- 
cepts of ultrasonography. 


13-81. Ultrasonic Waves. Ultrasonic waves 
are sound waves of such high frequency that 
they are not audible to the human ear. Their 
physical properties are the same as audible 
sound. They are, however, preferred over 
audible sound because they are more direc- 
tional and can be easily focused for examin- 
ing small quantities of material. They can 
also be used to investigate short time span 
phenomena because of their high frequencies 
and short wavelength. 


13-82. Ultrasonic Wave Production. The ba- 
sic principle of ultrasonic wave production 
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is the transformation of other forms of ener- 
gy into ultrasound. The device which per- 
forms this transformation is known as a 
transducer. Although transducers are clas- 
sified as mechanical, magnetostrictive and 
piezoelectric, only the basic functions of the 
latter two will be dealt with here, as mechan- 
ical transducers are not used in medicine. 


a. Magnetostrictive Transducer. Magneto- 
strictive transducers are used to transform 
electrical energy into mechanical energy. This 
is accomplished by using the principle of elec- 
tromagnetic induction. As the magnetic field 
is induced, the magnetic particles in the 
material change from a random arrangement 
to polar alignment and movement in the 
direction of the applied force. In doing so 
the material being magnetized increases and 
decreases in size. This change in size, al- 
though minute, produces the mechanical os- 
cillation which in turn produces the acous- 
tical vibrations necessary for the production 
of ultrasonic waves. Since this type of trans- 
ducer is limited to use at low frequencies and 
high power levels, they are particularly suited 
for cavitation which increases with low fre- 
quencies and high power levels. The primary 
applications of this type of transducer are for 
surgical instrument sterilization and for oral 
prophylactic units. 


b. Piezoelectric Transducer. The opera- 
tion of the piezoelectric transducer is also 
based on changes in size of a material to 
produce sound waves. In this case, however, 
quartz or a similar crystalline material is 
used, and the change in size or vibration is 
produced by electrically changing the polari- 
ty of the crystal. The transducer is not con- 
tinuously vibrated but at precise intervals 
short electronic impulses are applied to the 
crystal, making it expand and contract. 
When the vibration stops, ultrasound waves 
are emitted into the tissue. Ultrasound 
waves are only produced for very short peri- 
ods of time; 99% of the time the transducer is 
not vibrating but picking up returning 
sound waves that have been reflected, re- 
fracted, or attenuated by tissue or patholo- 
gy within the tissue or structure being exam- 
ined. It should be noted that because this 
type of transducer receives as well as pro- 
duces the sound waves, it is capable of trans- 
forming the returning waves into electrical 
energy for visual display purposes. This 
dual energy transformation capability can 


be compared to a crystal microphene which 
is capable of changing sound to electrical 
energy and electrical energy to sound. In 
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doing so, it can be used as both a microphone 
and a speaker. 


13-83. Pulse Technique. The echoes or ultra- 
sound waves generated and detected are 
processed in a variety of different modes, 
known as pulsing techniques, and are record- 
ed as a permanent record. These pulsing 
techniques provide a visual readout of the 
position of structures within the body in the 
Same manner as a radar screen provides a 
representation of the position of an aircraft. 
The basic procedure includes generating a 
series of short duration ultrasonic wave pul- 
ses from a transmitting transducer toward 
the target (body part or tissue being exam- 
ined). If the pulse contacts a boundary be- 
tween two structures having different 
acoustical values, part of the pulse energy 
will be scattered. This scattered pulse ener- 
gy is then detected by the receiving transdu- 
cer and transformed into a visual map of the 
body structure on an oscilloscope. 

a. A Mode. The A or amplitude mode (fig- 
ure 13-81) uses one transducer that sends the 
acoustical impulses and receives the echoes. 
These reflected echoes are displayed on a cal- 
ibrated oscilloscope as vertical deflections. 
The distance between these deflections is 
equal to the distance from the target (tissue 
interface or pathology) to the transducer. 
The amplitude of the vertical deflection is 
influenced by the physical size and reflecting 
properties of the tissue. The image produced 
on the oscilloscope can be recorded by means 
of a polaroid camera mounted in front of and 
focused on the oscilloscope screen. General- 
ly, this mode is utilized for echoencephal- 





A MODE 


Figure 13-81. A Mode Pulsing Technique. 
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ography. It is important to note that this 
type of pulsing technique provides only sin- 
gle dimensional information since it indi- 
cates primarily the distance from transdu- 
cer to target. In order to provide both dis- 
tance and location, the use of one of the puls- 
ing techniques which follow is necessary. 


b. BScan. The B scan (figure 13-82), some- 
times referred to as the thru-transmission 
mode, is basically the same as the A. mode. 
The detected echoes, however, are presented 
as dots of light on the oscilloscope. Also, the 
B scan utilizes two transducers, one for 
transmitting and the other for receiving the 
ultrasound waves. The vertical coordinate 
indicates the target’s distance from the 
transducer while the horizontal coordinate 
indicates the target’s position in relation to 
a reference point. 

c. Time-motion or M-mode. The time-mot- 
ion or M-mode also presents the detected 
echo as a dot of light on the oscilloscope but 
by means of only one transducer. It is uti- 
lized for moving parts or organs, such as the 
heart. The echo signal that is detected will 
appear as though the dot moves back and 
forth horizontally because the echo received 
is reflected off both sides of the organ being 
examined. This mode is mainly used for m- 
tral and tricuspid valve stenosis and insuffi- 
ciency examinations of the heart (cardiolo- 


gy). 
d. Sector Sean. The scan-mode (figure 13- 
83) is used to examine entire organs by scan- 
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Figure 13-82. B Scan Pulsing Tech- 
nique. 
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ning over the area concerned. It is utilized 
for parts of the body that have irregular 
shapes and angles. The detected echoes ap- 
pear on the oscilloscope as dots, proportion- 
al in shape and size to the part being exam- 
ined. A suitable lubricant is used to facili- 
tate movement of the transducer over the 
skin and to insure close contact between the 
skin and the transducer. This type of mode is 
used in abdominal work and radiation thera- 


py planning. 


13-84. Diagnostic Application of Ultrasound: 

a. Unlike radiography which uses ionizing 
radiation, ultrasonography uses nonionizing 
energy to demonstrate and record data. It is 
especially beneficial in the examination of 
soft tissue in which X-rays may not demon- 
strate pathology or may demonstrate it 
poorly. Of prime importance, however, is its 
use of nonionizing energy. This factor makes 
its application virtually limitless for the 
entire body. It is becoming popular in exami- 
nations such as angiography, encephalogra- 
phy, skull and brain examinations, and also 
fetal cephalometry. 

b. Conscientious use of ultrasonic equip- 
ment can supplement radiographic equip- 
ment and produce vital information neces- 
sary for the radiologist and physician in 
treatment of the patient. No harmful effects 
from this type of ultrasound have been not- 
ed. This is a particularly valuable tool for 
use in obstetrics where use of ionizing radia- 
tion may be harmful to the unborn fetus. 





SECTOR SCAN 


13-83. Sector Sean Pulsing 
Technique. 


Figure 
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Chapter 14 
SPECIAL PROCEDURES 


SECTION A—THE DIGESTIVE SYSTEM 


14-1. Introduction. Examination of the diges- 
tive system includes a number of different 
technical procedures in which various items 
of equipment and materials are used. The 
method used will vary in certain details, de- 
pending upon the desires of the radiologist. 
The various components of the digestive 
system are nearly always examined selec- 
tively; for example, the esophagus, the stom- 
ach and duodenum, the colon, and the gall- 
bladder. Examination of each of these parts 
often constitutes a procedure in itself, and, 
in the discussion which follows, each part 
will be considered as a unit. Except under 
emergency conditions, each of these exami- 
nations usually requires previous appoint- 
ments. 


14-2. The Esophagus (Esophagram). The 
esophagus lies immediately posterior to the 
trachea. It penetrates the diaphragm and 
enters the stomach by way of the cardiac 
orifice. Specific radiographic reference 
points may be used by considering the eso- 
phagus as being divided into three portions 
—cervical, thoracic, and abdominal. The 
cervical portion is located above the upper 
situs of the mediastinum, the thoracic por- 
tion between the superior aspect of the me- 
diastinum and the diaphragm, and the ab- 
dominal portion between the diaphragm and 
the stomach. 

a. Preparation of Patient and Scheduling. 
The study of the esophagus usually entails 
the combined use of fluoroscopy and radio- 
graphy. Therefore, for practical reasons, 
this examination should be scheduled. No 
special preparation of the patient is re- 
quired other than that the stomach be fairly 
empty so that it can accommodate the con- 
trast medium without undue discomfort. 

b. Preliminary Procedure. Everything 
should be in complete readiness when the 
patient reports for the examination. This 
generally requires the following: 

(1) A routine setup of the fluoroscopic 
and radiographic facilities should be accom- 
plished. This includes checking-out the X-ray 
unit for correct factors and operational 
readiness; mounting the footrest or shoulder 
braces; and checking to make certain that 
the proper type and number of cassettes (in- 
cluding identification material) are readily 


available for spot-film exposures. If cine, 
TV, and video tape are required, they should 
be readied for use. 

(2) Protective aprons and gloves should 
be laid out for the radiologist and other in- 
terested medical personnel. 

(3) The contrast medium should be pre- 
pared in accordance with established routine 
or as prescribed by the radiologist. Some 
type of barium sulfate preparation is usual- 
ly used. (NOTE: If perforation is suspect- 
ed, an alternate radiopaque should be used. 
Chapter 11 gives details.) A thin-water mix- 
ture usually contains the contrast medium 
and water in equal parts by volume. A thick- 
paste mixture usually contains about six 
parts contrast medium to one part water. A 
drinking tube or a spoon should be on hand 
to administer the mixture to the patient 
while he 1s in the recumbent position. 

ec. Fluoroscopic Examination: 

(1) Upon reporting, the patient is 
dressed in a suitable gown. 

(2) The examination procedure should be 
explained to the patient so the patient can 
cooperate. 

(3) The patient is instructed (or assist- 
ed, if necessary) to take a position between 
the table and the fluoroscopic apparatus. 
Whenever possible, the fluoroscopic exami- 
nation is started with the patient in the erect 
position. 

(4) A preliminary screening of the area 
to be investigated is usually made by the 
radiologist. 

(5) At a given signal from the radiolo- 
gist, the technologist hands the patient a 
spoonful (or glassful, if thin mixture is 
called for) of the previously prepared 
contrast medium. If the patient is in the 
erect position, the technologist should show 
him how to hold the glass so that it will not 


_ interfere with the free up-and-down excur- 


sions of the fluroscopic apparatus. If availa- 
ble, a fluorescent tumbler made of unbreaka- 
ble plastic material should be used instead of 
a glass. This phase of the procedure is illus- 
trated in figure 14-1. 


(6) The patient ingests the contrast 
medium and controls his respiration as di- 
rected by the radiologist. The passage and 
behavior of the contrast medium is observed 
fluoroscopically and recorded using spot, 
cine, or other recording media. 


14-2 





Figure 14-1. Patient in Position for Fluoros- 
copic Examination of the Eso- 
phagus. 


d. Radiographic Examination: 

(1) Radiographs are made as requested 
by the radiologist or according to clinical 
routine. An RAO is almost always included. 
Other radiographs may consist of PA and 
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lateral projections. The radiographs may be 
made with the patient in either the erect or 
recumbent position. In addition the table 
may be tilted in the modified Trendelenburg 
position. In the case of large, heavy pa- 
tients, the use of grid technique should be 
considered. 

(2) As soon as the patient is positioned, 
he is given a spoonful of the paste (contrast 
medium), and told to retain it in his mouth (a 
cup and straw can also be used for liquid 
contrast media). Here, a definite sequence of 
steps is followed: 

(a) The patient is instructed to swal- 
low the contrast medium at a given signal 
and suspend respiration. 

(b) Respiration is suspended for about 
3 seconds to allow the contrast medium to 
distribute through the esophagus (this time 
interval will vary with clinical considera- 
tions). 

(c) The exposure is taken. 

(3) The following information applies to 
an RAO of the esophagus. See figure 14-2. 

(a) Anatomical. Esophagus. 

(b) Film. 14 X 17 inch, lengthwise. 

(c) Position. Patient upright or re- 
cumbent, rotated 40° to 50°, right-hand palm 
out on hip, left-hand resting on film support. 
Coronal plane through acromial processes 4 
inches below upper edge of film holder (plane 
is taken with arms down). 

(d) CR. Directed to center of film. 

(e) Precautions. Respiration suspend- 
ed in forced inspiration. Exposure is made 
during ingestion of contrast medium. 





Figure 14-2. Esophagus. 
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(f) Variations. For study of mucosal 
pattern of lower esophagus, use modified 
Trendelenburg position (head lowered—feet 
elevated). (NOTE: Used in many clinics with 
the PA and lateral projections for the basic 
study of the esophagus.) 


e. Cardiac Series. Another examination of 
the esophagus frequently performed is the 
cardiac series. This is basically the same 
examination as the esophagram and shows 
the same anatomical structures, but does not 
require fluoroscopy. All that is required is an 
X-ray machine (preferably high MA) and a 
cassette holder or changer. The patient is 
placed in the proper position for the particu- 
lar view being taken and given a teaspoon of 
a thick-paste mixture to hold in his mouth. 
(NOTE: Commercially prepared pastes are 
available which exhibit special coating char- 
acteristics of the esophagus. An example is 
Esophotrast.) When the technologist is pre- 
pared to make the exposure, the patient is 
instructed to swallow twice, then take a deep 
breath and hold it. At this time the exposure 
is made. The routine for a cardiac series will 
generally consist of PA, left lateral, RAO, 
and LAO radiographs to demonstrate the 
entire esophagus. 


14-3. The Stomach and Duodenum (Upper GI 
Series). The position of the stomach varies 
with the amount of contents, type of body 
habitus, mutual pressure of adjacent or- 
gans, pathological conditions, respiration, 
emotional state, and whether the subject is 
in the erect or recumbent position. The posi- 
tion of the duodenum varies in much the 
same way. 

a. Preparation of Patient and Scheduling. 
Except in emergencies or under very unusual 
circumstances, examinations of the stomach 
and intestines should be scheduled. All ap- 
pointments (including cancellations) should 
be logged in an appointment book or entered 
on an appropriate calendar chart. 

(1) Inpatients. The appointment for the 
examination is made upon receipt of a pro- 
perly prepared request form from the ward. 
Ward personnel generally prepare the pa- 
tient for the examination, usually as pre- 
scribed by the operating procedures of the 
installation. In general, the preparation of 
inpatients is as follows: The patient will not 
be given a laxative within 24 hours of the 
examination. He should have nothing by 
mouth for a period of 8 hours prior to the 
time of the examination. He is not to drink or 
eat anything other than the barium mixture 
he receives in the X-ray department. 
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(2) Outpatients. The procedure is the 
same as that for inpatients, except that the 
outpatient is carefully instructed by the X- 
ray department as to what he must do to 
prepare for the examination (or is given a 
prepared form containing the necessary in- 
formation). 


b. Preliminary Procedure: 

(1) A routine setup of the fluoroscopic 
and radiographic facilities should be accom- 
plished. 

(a) Single-unit setup. In this plan a 
single X-ray unit (radiographic-fluoroscopic) 
is used for both phases of the examination. 
When fluoroscopy is completed, the unit is 
“switched-over” and radiography is done. 

(b) Single-unit, supplemented setup. 
The operational aspect of this plan is similar 
to the single-unit setup, except that the radi- 
ography is done on a separate X-ray unit 
located in another room (usually by another 
technologist). This plan permits the contin- 
uation of fluoroscopy with the same unit 
from one examination to the next, and also 
expedites the handling and processing of 
exposed films. 

(c) Double-unit setup. Two X-ray 
units (radiographic-fluoroscopic), located in 
adjacent rooms, are used. The personnel 
consist of the radiologist and one, or prefer- 
ably two, technologists. Upon completion of 
fluoroscopy (including spot-film radio- 
graphy, if indicated), the X-ray unit is 
changed over and radiography is done. While 
radiography is being performed on one pa- 
tient, the examiner may step into the adja- 
cent room and commence the fluoroscopic 
examination of another patient. This proc- 
ess continues, back and forth, until the last 
examination is accomplished. Advantages of 
the double-unit setup are— 


1. It eliminates the necessity of 
transferring litter patients from table to lit- 
ter and then (as in the case of the single-unit, 
supplemented setup) from litter to table. 

2. It saves time, especially in situa- 
tions where a considerable number of exami- 
nations are scheduled. 

3. It simplifies working conditions, 
especially in situations where gastrointes- 
tinal and barium-enema studies are sched- 
uled for the same day. For example, one of 
the rooms can be equipped with the neces- 
sary devices required for examinations of 
the lower bowel while the other can be set up 
for studies of the stomach and intestines. 

(2) Contrast medium should be prepared 
in accordance with established routine or as 
prescribed by the radiologist. (NOTE: Eight 
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to 16 ounces total volume, per patient, is 
usually required during fluoroscopic filling. 
If perforation is suspected, use an alternate 
medium as described in chapter 11.) 

(8) Protective aprons and gloves should 
be laid out for the radiologist and other in- 
terested medical personnel. 

(4) The radiographic request form con- 
taining pertinent information regarding the 
patient’s case should be available to the ra- 
diologist at all times. 

c. Fluoroscopic Examination: 

(1) Upon reporting, the patient is 
dressed in a suitable gown. 

(2) The examination procedure should be 
explained to the patient so that maximum 
cooperation may be attained. 

(8) The patient is directed, or assisted, 
to take a position between the table and the 
fluoroscopic apparatus. 

(4) A preliminary screening of the area 
under consideration is usually made by the 
radiologist. 

(5) At a given signal from the radiolo- 
gist, the technologist hands the patient a 
glassful of the contrast medium. Just before 
doing this, the technologist should again stir 
the mixture. 

(6) The examination proceeds as the pa- 
tient ingests the contrast medium and con- 
trols his respiration as directed by the ra- 
diologist. 
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(7) The fluoroscopic image is recorded 
by the radiologist as necessary. 

(8) In some instances the radiologist will 
maneuver the patient through various posi- 
tions under the fluoroscope, in order to deter- 
mine the degree of body angulation and the 
centering point of the CR for subsequent 
radiography. This may entail marking the 
site on the body for the centering of the CR 
by means of a skin marking pencil or mea- 
suring the patient on one side, to determine 
the distance that the anterior superior iliac 
spine (ASIS) should be elevated above the 
table top during the exposure—or both. The 
radiologist then conveys this information to 
the technologist and the required exposures 
are made. 

d. Radiographic Examination. The tech- 
nologist will accomplish the radiographs 
according to clinical routine. At times the 
radiologist may deviate from the established 
routine depending upon his fluoroscopic find- 
ings. Figure 14-3 and 14-4 show two common 
projections. 

(1) Figure 14-8—Stomach and Duode- 
num, PA. 

(a) Anatomical. Stomach and por- 
tions of duodenum. 

(b) Film. 14 X 17 inch. 

(c) Position. Patient prone, median 
plane over center line of table. Iliac crests 5 
inches below center of film, or as indicated at 





Figure 14-3. Stomach and Duodenum. 
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Figure 14-4. Stomach and Duodenum. 


time of fluoroscopy. Nonopaque pads may be 
used under the chest and thighs. 

(d) CR. Align to center of film. 

(e) Precaution. Suspended expiration. 


(f) Additional. Collimation recom- 
mended. 
(g) Variation. Angulation require- 


ments may vary (proper angulation should 
be determined at fluoroscopy). Pressure-cone 
films may be indicated. 

(2) Figure 14-4—Stomach and Duode- 
num, RAO. 

(a) Anatomical. Stomach and portions 
of duodenum. 

(b) Film 10 X 12 inch lengthwise. 

(c) Position. Patient semiprone, rotat- 
ed 30° to 45° to right side, right arm at side. 
Left arm extended alongside head (RAO), left 
knee flexed with sandbag under left hip. 
Lower border of cassette at iliac crest. 

(d) CR. Align to skin marking made at 
fluoroscopy to center of film. 

(e) Precaution. Suspended expiration. 

(f) Additional. Grid. 

(g) Variation. For suspected dia- 
phragmatic hernia, tilt patient, 15° head 
down, and make exposure with suspended 
inspiration. 


14-4. Small Intestines (Small Bowel Series). 
Examination of the small intestines is usual- 
ly performed in conjunction with an upper GI 
series. However, it can be performed as a 
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separate examination. Preparation of the 
patient, contrast medium, and management 
of the facilities are essentially the same as 
for the examination of the stomach. To speed- 
up the examination, the radiologist may 
direct that ice-cold normal saline solution 
(cold isotonic method) be used as the vehicle 
for the barium sulfate in place of water. The 
cold solution stimulates peristalsis, causing 
the barium to pass more rapidly through the 
gastrointestinal tract. Radiographs are 
made at the discretion of the radiologist; for 
example, a film every 15 minutes for the first 
hour, then every half-hour thereafter, as 
indicated. Appropriate identification mark- 
ers should be used for each exposure to indi- 
cate the time intervals. During this period 
fluoroscopy may be performed according to 
the findings of the radiologist. A dual exami- 
nation may be performed. In this method a 
designated quantity of contrast medium is 
administered to the patient at a specified 
time prior to fluoroscopy; during fluoroscopy 
additional barium is given to the patient 
(spot-filming may also be done at this time). 
Radiographs are made at the discretion of 
the radiologist. 


14-5. Large Intestine (Barium Enema): 
a. Preparation of Patient and Scheduling: 
(1) Inpatient. Ordinarily, scheduling is 
accomplished by the X-ray department in 
cooperation with the referring ward. The X- 
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ray department makes the appointment for a 
specific date and time upon receipt of a pro- 
perly prepared request form from the ward. 
Ward personnel generally prepare the pa- 
tient for the examination. Normally, the pa- 
tient is given a cathartic about 14 hours 
before the examination, with the approval of 
the patient’s physician. Castor oil is fre- 
quently used for this purpose. A simple 
cleansing enema may be given to the patient 
about an hour before the examination. In 
most cases, breakfast is withheld. However, 
a light breakfast is sometimes allowed. 

(2) Outpatient. This procedure is essen- 
tially the same as for the inpatient. When 
the appointment is made, the outpatient is 
given instructions as to preexamination 
preparation. Arrangements should be made 
with a ward or nearby dispensary to provide 
facilities for the cleansing enema if the pa- 
tient has no means for accomplishing this 
himself. 

b. Preliminary Procedure: 


(1) A routine setup of the fluoroscopic 
and the radiographic facilities should be 
accomplished 


(2) Contrast medium should be prepared 
in accordance with established routine or as 
prescribed by the radiologist. (NOTE: It is 
imperative that the technologist make cer- 
tain that the contrast mixture is prepared 
exactly as prescribed.) The contrast medium 
must be worked into a thoroughly mixed sus- 
pension, using either an electro-mechanical 
device or the spoon or paddle method. 

(a) Step 1. Fill the container with 
water to about half full. Ordinarily, the wa- 
ter should approximate normal body temper- 
ature. 

(b) Step 2. Add the correct amount of 
barium, and mix into a homogeneous suspen- 
sion. If the mixture calls for acacia or other 
additives, these are added and mixed into the 
suspension at this time. 

(c) Step 3. Add the additional amount 
of water required and mix thoroughly. 


(3) The following accessory items are 
required to administer the contrast medium. 
(NOTE: The type of examination, single-con- 
trast or double-contrast, determines the 
number of the particular items that will be 
used.) 

(a) Enema (irrigator) can, 2 quart; or, 
an apparatus of special design (Pneumoco- 
lon) which actuates the flow of the barium 
suspension through the tubing by means of 
compressed air instead of gravity. The pneu- 
mocolon technique is discussed in paragraph 
14-6. 
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(b) Flexible tubing, “live rubber’ 
type, 1/4-inch inside diameter, about 5 feet 
long. This tube should have a spring type 
stopcock for commencing or interrupting the 
flow of contrast medium at will. 

(c) A suitable support for the enema 
can (a conventional irrigator stand may be 
used). The top of the enema can should be at 
an elevation of about 3 feet above the top of 
the X-ray table. 
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Figure 14-5. Rectal Catheter With Inflating 
Bulb and Valve. 


(d) A supply of contamination-free 
rectal tips—one per patient for each exami- 
nation session. Disposable rectal tips should 
be used, whenever possible. : 





Figure 14-6. Colonic 
With Carmen Rectal Tip. 


Insufflator, Weber, 


(e) Catheter, rectal, Virden, 30 
French, with inflating bulb and valve (see 
figure 14-5). 

(f) Insufflator, colonic, Weber; con- 
sisting of a rubber tube with bulb, netted 
bag, and a Carmen rectal tip (see figure 14- 
6). 

(¢) KY jelly. 

(h) Paper napkins and hand towels. 

(4) All of the apparatus must be clean 
and free of contamination before use. “Rub- 
ber goods,” such as catheters, tubing, and 
rectal tips, must be made aseptic prior to 
use; Zephiran chloride (Winthrop), aqueous 
solution, 1:1,000 or Ceepryn (Merrel) cetyl- 
pyridinium chloride, aqueous _ solution, 
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1:10,000 may be used for this purpose. It 
should be routine practice to clean the appa- 
ratus immediately after it has been used. 
Autoclaving or boiling of rubber materials 
should be avoided because of the deteriorat- 
ing effects that may result. 

(5) Rectal tips should be lubricated with 
KY jelly or a similar substance. To insure 
cleanliness, the lubricated tips should be 
covered with nonabsorbent paper. Many 
medical facilities now use disposable enema 
bags, tubing, and tips. These are complete 
disposable units which minimize the chance 
of transmitting a disease organism from one 
patient to another. Disposable enema bags 
are perhaps the most convenient to use of all 
the barium enema equipment. Most of them 
come with the barium powder already in the 
bag. To mix, water is added and the bag is 
shaken vigorously. Cleanup after the exami- 
nation is virtually eliminated since the en- 
tire kit is discarded after use. A disposable 
enema kit is illustrated in figure 14-7. 

(6) An enema can, with tubing attached, 
should be filled with the required amount of 
contrast medium and placed on a suitable 
stand—usually near the foot of the X-ray 
table. 

(7) When separate toilet facilities are 
not provided for patients, special provisions 
should be made so that patients undergoing 
barium-enema examinations have unham- 
pered access to the toilet. Bedpans should be 
provided for patients who are unable to use 
the toilet. 

(8) Protective aprons and gloves should 
be laid out for the radiologist and other in- 
terested medical personnel. 

c. Fluoroscopic Examination: 

(1) Upon reporting, the patient is 
dressed in a suitable gown. 

(2) The examination procedure should be 
explained to the patient so that maximum 
cooperation may be attained. 





Figure 14-7. Disposable Enema Kit With Ac- 
cessories. 
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(3) A preliminary screening of the area 
under consideration is made by the radiolo- 
gist. This is usually done with the patient in 
the recumbent position. 

(4) At a given signal from the radiologist 
the technologist inserts the rectal tip into 
the patient’s anus. Just before making the 


insertion, a small amount of contrast medi- 


um should be allowed to flow through the 
tube in order to squeeze out the residual air. 
The patient is rolled onto his side on the ta- 
ble, with his knees flexed, and the rectal tip is 
inserted into the anus with a steady, gradual 
pressure, exerted anteriorly. When the tip is 
passed beyond the anus it should be directed 
forward at an angle in line with the umbili- 
cus. Due to the extreme sensitivity of the 
rectal region, care must be exercised in mak- 
ing the insertion. In case a retention cathet- 
er is used, caution must be exercised not to 
distend the inflated bulb excessively. (When- 
ever possible, allow the patient to insert the 
tip himself. Be sure to provide appropriate 
instructions.) 

(5) The flow of the contrast mixture is 
initiated by the technologist at a given sig- 
nal from the radiologist, and fluoroscopic 
observation is made. The radiologist will 
signal the technologist when to interrupt 
and when to resume the flow of the contrast 
medium. It is imperative that the technolo- 
gist respond instantly to these signals. Spot- 
filming may also be done during this phase of 
the examination. As the patient is maneu- 
vered for changes in position, the technolo- 
gist should take care to see that the enema 
can tubing does not become kinked or acci- 
dentally withdrawn. In most cases, it will be 
necessary to stir the contrast mixture dur- 
ing the procedure to maintain consistency. If 
the tube should become clogged, the obstruc- 
tion can usually be removed by stripping or 
“milking” the tube in the direction of flow. If 
the radiologist desires filling of the bowel to 
proceed at a slow rate, the technologist can 
control the rate of filling by lowering the 
enema can or by pinching the tubing between 
his fingers. Upon completion of “filling” and 
fluoroscopy, the patient is cautioned to re- 
tain the contrast medium until radiography 
is accomplished. It may be advisable to leave 
the rectal tip in place until all radiographs 
are done. This sometimes prevents the pa- 
tient from prematurely expelling the con- 
trast medium. 

d. Radiographic Examination: 

(1) Regardless of the type of setup (sin- 
gle-unit; single-unit, supplemented; or dou- 
ble-unit), it is usually best to do radiography 
of the barium-filled colon by having the pa- 
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tient remain on the same X-ray table on 
which fluoroscopy was performed. This less- 
ens the possibility of involuntary or acciden- 
tal evacuation. The required radiographs 
are made in accordance with established 
routine or as directed by the radiologist. 


(2) For the single-contrast barium ene- 
ma, the procedure may be as follows: 
(a) A PA projection of the barium- 
filled colon is obtained. See figure 14-8. De- 
tails are as follows: 


1. Anatomical. Colon. 

2. Film. 14 X 17 inch lengthwise. 

3. Position. Patient prone, level of 
iliac crests to center of film. 

4. CR. Align to center of film. 

5. Precaution. Suspended respira- 


6. Additional. Grid. 


(b) After exposure the patient is al- 
lowed to evacuate the enema. A postevacua- 
tion PA projection is usually done. Details 
are the same as with the preevacuation PA. 
Figure 14-9 demonstrates the postevacua- 
tion radiograph. 


(c) Aspecial projection of the sigmoid 
colon is sometimes done before evacuation. 
Figure 14-10 illustrates. Details are as fol- 
lows: 


tion. 





Figure 14-8. Large Bowel. 
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1. Anatomical. Sigmoid overlying 
the sacrum and left wing of ilium. 

2. Film. 10 X 12 inch. 

3. Position. Patient supine. Left hip 
down, right hip and trunk rotated up 30° to 
60° (LPO) as indicated by fluoroscopy. 

4. CR. Align to center of film. Place 
area outlined fluoroscopically over center of 
film. 

5. Precaution. Respiration suspend- 
ed in expiration. 

6. Additional. Grid. 

(d) A special projection of the rectum 
is also required at times before evacuation, 
(see figure 14-11). Details are as follows: 

1. Anatomical. Rectal ampulla, rec- 
tum, sigmoid and a portion of the descending 


colon. 

2. Film. 10 X 12 inch. 

3. Position Patient in left lateral 
recumbent position. Knees partially flexed 
for support. Right hip truly vertical above 
the left. Plane of iliac crests to upper border 
of film. 

4. CR. Align to a point 3 1/2 inches 
anterior to the midportion of sacrum, and 4 
inches below midcrest of ilium. 

5. Precaution. Respiration suspend- 
ed. Patient should be in true lateral position 
which will sometimes require buttressing. 


5 
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Figure 14-9. Postevacuation Radiograph of 
the Colon. 


6. Additional. Grid. 


(3) The double-contrast (air contrast) 
barium enema involves the simultaneous use 
of two types of contrast media—radiopaque, 
in the form of residual barium adhering to 
the mucosa; and radiolucent, or air, which is 
introduced by means of an insufflator. In 
general, the procedure is as follows (see par- 
agraph 14-6 for variations of technique): 


(a) Fluoroscopy and radiography are 
accomplished as for a single-contrast study. 
That is, the patient is screened, the colon is 
filled with contrast medium, and exposures 
are made of the filled colon. The patient is 


YT 


Figure 14-10. Sigmoid Colon. 
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then instructed to evacuate as rapidly as 
possible (20-30 seconds). 

(b) Immediately after evacuation, the 
patient is recalled for fluoroscopy. Then, air 
is introduced into the colon, by means of a 
colonic-insufflator. This is done under fluo- 
roscopic control. 

(c) Routine radiographs are usually 
obtained in both the prone and supine posi- 
tions (see figure 14-12A for PA radiograph), 
because the opaque medium may tend to col- 
lect and “puddle” due to the influence of 
gravity. Radiographs made with a horizon- 
tal CR and the patient in the right lateral 
decubitus position (see radiograph, figure 
14-12B) and the left lateral decubitus posi- 
tion (see radiograph, figure 14-12C), are of- 
ten obtained. Stereoscopic films may be made 
if indicated. 

(d) The technologist must accomplish 
the necessary radiography as speedily as 
possible, as the retention of a considerable 
volume of air in the colon may cause distress 
to the patient. 

(e) If a retention catheter is used, it 
should first be deflated and then withdrawn 
immediately upon completion of radiography 
to enable the patient to expel the air from 
the colon. 

(f) Patient is directed to a toilet and 
instructed to evacuate. After evacuation a 
postevacuation radiograph is done. 


14-6. Large Intestine (Variations of Tech- 
nique). 

a. A method which is widely used for the 
introduction of the contrast media into the 
colon is based on a distinctive air-pressure 
system. In this method (referred to as pneu- 
mocolon), the liquid component of the con- 
trast media is introduced into the colon by 
means of air pressure instead of gravity. 
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Figure 14-11. Rectum. 





The pneumocolon apparatus (figure 14-13) 
consists of a wide-mouthed bottle which has 
a specially designed lid-assembly incorpo- 
rating two tubular channels and a triangu- 
lar-shaped support. One of the tubular chan- 
nels serves as an inlet and the other as an 
outlet, with respect to the inside of the bot- 
tle. Air pressure is built up within the bottle 
by pumping air into it via the inlet tube by 
means of the attached bulb handpump. When 
sufficient air pressure is built up within the 
bottle, the liquid contrast substance flows 
into the colon via a rectal tube attached to 
the outlet tube. For the flow to take place, 
however, the orifice of the outlet channel 
located within the bottle must be oriented in 
a downward direction and be submerged in 
the liquid contents. See figure 14-13A. 


(1) The bottle is filled with 1,000 to 1,500 
ec of the barium sulfate preparation. The 
basic proportions of the mixture depend 
upon the radiologist’s preference. 

(2) The bottle 1s placed in a convenient 
location on the X-ray tabletop, with the tri- 
angular support in position for the adminis- 
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tration of the liquid contrast medium (A, 


figure 14-13). 


(8) Air in the outlet tubing is expelled by 
running some of the liquid contrast medium 
through the tubing. This is done by means of 
the bulb handpump. After the air has been 
removed, the outlet tube is clamped off. 

(4) The outlet tube is then attached to 
the previously inserted rectal tube or cathet- 
er. 

(5) The liquid contrast is now introduced 
into the colon (under fluoroscopic control) 
via the outlet tubing by the propulsory air 
pressure which has been built up in the sys- 
tem. 

(6) The amount and rate of the flow of 
the contrast medium into the colon is con- 
trolled by means of a clamp on the outlet 
tubing or by pinching the tubing between the 
fingers. 

(7) Posturing of the patient, fluorosco- 
py, palpation, spot-filming, and radiography 
are carried out according to the established 
procedure or the particular needs of the 
case. 
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Figure 14-12. Radiographs of Double-Contrast Barium Enema. A—Prone PA; B—Right Lateral 


Decubitus; C—Left Lateral Decubitus. 


(8) When administering air into the co- 
lon for double-contrast studies, the proce- 
dure is as follows: 


(a) The outlet tubing is clamped off. 


(b) The bottle with the lid assembly is 
rotated 120° and placed in the position for 
administration of air (B, figure 14-13). In 
this position, the orifice of the tubular outlet 
channel is oriented above the fluid level and 
thus is open for the passage of air. 


(c) In cases wherein evacuation is 
part of the procedure, the excess barium 


suspension which remains in the outlet tub- 
ing should be removed before air is adminis- 
tered. This is done by first detaching the out- 
let tubing from the rectal tube and then re- 
leasing the clamp on the outlet tubing to al- 
low the air pressure to clear the tubing. Af- 
ter the outlet tubing has been cleared, it is 
reattached to the rectal tube. Air may now 
be introduced into the colon by working the 
bulb handpump. 

(d) Subsequent steps of the examina- 
tion are carried out according to established 
procedure. 
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b. In another method (referred to as the 
“single-stage method”), the air is introduced 
into the colon at the instant the column of 
the radiopaque contrast material has adv- 
anced to a predetermined area in the colon. 
The pneumocolon apparatus described in 
paragraph a is especially suitable for this 
procedure. 


(1) After patient preparation, readying 
of the necessary facilities for the examina- 
tion, and with the patient in the prone posi- 
tion on the X-ray tilt-table, the radiologist 
observes the advance of the radiopaque col- 
umn of contrast material in the colon. This is 
done under fluoroscopic control. The barium 
suspension is allowed to run slowly, and, 
when the head of the column reaches the 
splenic flexure, the flow is immediately 
stopped. 


(2) The X-ray table is then tilted to the 
Trendelenburg or modified Trendelenburg 
position and the patient is rotated to the 
left. 


(3) Insufflation of air is begun. The 
transport of the barium-suspension column 
is studied fluoroscopically as the air pushes 
it onward in the colon. The patient is now 
rolled onto his back and turned to the right 
as far as directed by the radiologist. This 
maneuver allows the barium suspension to 
flow toward the hepatic flexure and enter the 
ascending and cecal portions of the colon. 
Spot-filming is accomplished, as indicated. 
Usually, as the contrast medium reaches the 
hepatic flexure, the air input is closely con- 
trolled and the tilt-table may be brought to 
the horizontal or the head-end may be slight- 
ly elevated to permit filling of the cecum. 
Further distribution of the contrast materi- 
al in the colon is carried out (under fluoros- 
copie control) by rotating the patient, when 
necessary, aS much as 360° in either direc- 
tion. 


(4) After completion of the fluoroscopic 
phase of the examination, the outlet tubing 
is clamped off and radiography is done ac- 
cording to established procedure. For exam- 
ple, this procedure may be as follows: 


(a) PA and AP projections are made, 
using a vertical CR with the patient in the 
horizontal position. In some cases, these ra- 
diographs may be made stereoscopically. 

(b) PA or AP projections are usually 
made with the patient in the right and left 
lateral decubitus positions using a horizon- 
tal CR. 

(c) For optimum results, a minimum of 
90 kVp (based on 8 to 1 Potter-Bucky dia- 
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phragm) should be used. Grid-front cassettes 
may be found extremely useful for making 
the exposures with the patient in the lateral 
decubitus positions. 

(d) After necessary radiography has 
been accomplished, the rectal tube is with- 
drawn and the patient is sent to the toilet. 


c. Another variation of technique is based 
on the use of a relatively high kVp. Due to 
the greater penetration of such radiation, it 
is possible to visualize the intraluminal as 
well as the circumjacent aspects of the colon. 
For example, sessile or pedunculated 
growths, such as polypoid lesions, can be 
shown just as cholesterol stones are demon- 
strated within the radiopacified bile in the 
gallbladder. In general, this method is car- 
ried out as follows: 


(1) Patient preparation is usually the 
same as for the previously described meth- 
ods, unless the radiologist prescribes other- 
wise. 

(2) The barium-sulfate suspension is 
prepared in the ratio of (approximately) one 
oart of barium-sulfate powder to four to six 
parts of water by volume, depending upon 
the preferences of the radiologist and the 
nature of the particular case under consider- 
ation. 

(3) The barium-sulfate suspension may 
be introduced into the colon by compressed 
air or by gravity. This introduction of the 
medium is always done under fluoroscopic 
control. 

(4) Spot-filming may be carried out by 
conventional technique or by a relatively 
high-kilovoltage technique. The latter usual- 
ly implies a tube-tension range from 120 to 
140 kVp. When high-kilovoltage technique is 
used for spot-filming, it is extremely impor- 
tant that the lead equivalent in the glass 
window of the fluoroscopic-screen assembly 
be checked for radiation safety. 


(5) Radiography is done after comple- 
tion of the fluoroscopic part of the examina- 
tion and before evacuation. The prescribed 
projections are made with the patient pos- 
tured according to the instructions of the 
radiologist. For PA or AP projections in- 
volving a part-thickness range of 18 to 22 
cm, and using a cassette with intensifying 
screens, Potter-Bucky diaphragm (16:1 grid- 
ratio), 40-inch FFD, 125 kVp, and 25 mAs 
may be used for starting technique factors. 


(6) After completion of radiography, the 


patient is allowed to evacuate, after which 


postevacuation radiographs are made, if 
required. 
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14-7. Gallbladder: 
a. General: 


(1) Radiographic visualization of the 
gallbladder is done by cholecystography; 
radiographic investigation of the biliary 
tract is by cholangiography. For these pro- 
cedures it 1s necessary to convey a contrast 
medium to the gallbladder along with the 
bile. 

(2) Bile is manufactured by the polyhed- 
ral cells of the liver by extracting the neces- 
sary constituents from the circulating blood. 
The gallbladder’s ability to concentrate the 
bile makes it possible for a sufficient amount 
of the cholecystopaque to collect within the 
gallbladder to permit radiographc visualiza- 
tion. After oral administration, the contrast 
medium, if in pill form, disintegrates in the 
stomach. 

(a) From the stomach (where insignifi- 
cant absorption occurs), the contrast medi- 
um passes into the small bowel. 

(b) Most of the contrast medium is 
absorbed in the small bowel and conveyed to 
the liver via the portal vein. 

(c) As the contrast medium moves 
throughout the liver, it becomes associated 
with the liver cells and is secreted with the 
bile. 

(d) As the bile containing the contrast 
medium passes along the ducts, some of it is 
discharged into the duodenum and some of it 
backs up into the gallbladder where concen- 
tration occurs. 

(e) The elimination of the contrast 
medium from the body is dependent upon 
various factors; for example, the type of 
contrast medium and the nature and degree 
of dysfunction related to the digestive sys- 
tem. Normally, some of the contrast medium 
is not absorbed, but is eliminated via the co- 
lon. The part that is not removed from the 
blood as it passes through the liver is elimi- 
nated by the kidneys. 

(f) As the gallbladder discharges the 
bile containing the contrast medium into the 
small bowel after the ingestion of a fatty 
meal, the medium is reabsorbed and con- 
veyed to the liver and resecreted. This cycle 
continues until the contrast medium is com- 
pletely eliminated from the body via the kid- 
neys and colon. 

b. Preparation of Patient and Scheduling. 
Patient preparation and scheduling are in 
accordance with the established clinieal rou- 
tine. In genera!, the preparation of the pa- 
tient may be as follows: 

(1) On the duv befere the examinstion 
(before ingestion of thee 
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PA projection of the abdomen (14 X 17) or a 

PA projection of the gallbladder area (10 X 

A may be done. This is a survey or scout 
m. 

(2) The patient may be allowed a fat- 
free meal at about 1700 hours on the day 
before the examination. 

(3) About 14 hours prior to the examina- 
tion the patient ingests the contrast medium 
according to the manufacturer’s instruc- 
tions. Telepaque is usually used with the 
average dose being 6 tablets. 

(4) After the pills the patient should not 
be allowed to eat or drink anything until the 
time of the examination. 

(5) To make certain that none of the 
eontrast medium has been lost, the patient 
should be instructed to report any vomiting 
or bowel movements. 

(6) If the initial films show no stones, the 
patient is given a fatty meal to promote good 
gallbladder contraction. An additional film is 
usually done 30 minutes to 1 hour after the 
fatty meal. Sometimes commercially pre- 
pared compounds or mixtures may be used in 
place of the fatty meal. (NOTE: Before giv- 
ing a fatty meal, consult the radiologist. A 
fatty meal should not be given to patients 
when stones are seen on the initial] films.) 
This precaution is necessary because the 
“emptying” of the gallbladder caused by the 
fatty meal may release one or more stones 
into the biliary ducts causing obstruction. 

(7) The procedure may vary, since every 
radiologist has his preferred method. For 
example, some radiologists may request that 
the patient be given two teaspoonfuls of 
paregoric one-half hour after the ingestion 
of cholecystopaque or that an enema be ad- 
ministered 1 hour prior to radiography. 

(8) In the examination of the biliary 
ducts (by the intravenous injection of Cholo- 
grafin), the scheduling and preparation of 
the patient are done by the referring ward. 
Usually, the patient does not eat anything 
after 1800 hours on the day prior to the ex- 
amination. On the morning of the examina- 
tion, the patient is given a sensitivity test. If 
the test is negative and there are no con- 
traindications, 20 to 40 cc of the cholecysto- 
paque is injected intravenously by the ra- 
diologist. 


14-8. Cholecystography. Cholecystography is 
a radiographic procedure for the demonstra- 
tion of the gallbladder after making the bile 
radiopaque by means of a contrast medium— 
which may be administered either orally or 
intravenously. 


’ 
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a. Oral Method: 

(1) The patient is prepared in accord- 
ance with the prescribed preexamination 
procedure. 

(2) The contrast medium is administered 
according to prescribed procedures. 

(3) Upon reporting to the X-ray depart- 
ment, the patient is dressed in a suitable 
gown. He should be questioned as to how he 
carried out each step of the preexamination 
procedure and whether he experienced any 
vomiting or diarrhea. If any vomiting or 
diarrhea occurred, the technologist should 
report it to the radiologist. 

(4) The number and type of projections 
made depends upon prescribed procedures 
and the suspected pathology. Usually a sur- 
vey film is made to determine the position of 
the gallbladder, the correctness of the expo- 
sure factors, the presence and extent of gas 
or unabsorbed contrast medium in the bow- 
els and evidence of outstanding pathology. 
Details of the scout film are described below 
and illustrated in figure 14-14. 

(a) Anatomical. General localization 
of the gallbladder. 

(b) Film. 14 X 17 inch lengthwise. 
(Some radiologists prefer a 10 X 12 inch 
film.) 
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(c) Position. Patient prone, arms 
alongside of body. Position as for PA abdo- 
men with crest of ilium 3 inches below center 
of film. 

(d) CR. Align to center of film. 

(e) Precaution. Suspended _respira- 
tion, trunk straight. 

(f) Additional. Grid. 


(5) Other films may include the follow- 

ing: 

(a) PA prone projection using an 8 X 

is inch film and a tightly restricted cone 
eld. 

(b) LAO using a tightly restricted 
cone field (4 to 6 inches) and an 8 X 10 inch 
film. This radiograph may be done with the 
patient recumbent or erect. See figure 14-15. 
This position tends to displace the trans- 
verse processes of the vertebrae away from 
the gallbladder. The degree of body rotation 
necessary for optimum demonstration of the 
gallbladder varies according to body habitus 
and position; for example, thin subjects gen- 
erally require greater rotation than stout 
subjects. Varying degrees of rotation may 
be necessary to differentiate gallstones from 
kidney stones or calcified bodies in the mes- 
enteric structure. 





Figure 14-14. Gallbladder (Scout). 
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Figure 14-15. Gallbladder. 


(c) Right lateral projection with the 
patient in the recumbent position, utilizing 
an 8 X 10 inch film and a restricted cone field. 

(d) PA projection with the patient in 
the right lateral decubitus (Kirklin) posi- 
tion, using an 8 X 10 inch film, restricted 
cone field, and vertical Bucky diaphragm or 
grid-cassette. 

(e) RPO using an 8 X 10 inch film and a 
restricted cone field. This radiograph may 
also be done with the patient in either the 
recumbent or erect position. 


(6) Radiography of the gallbladder with 
the patient in the erect position may be done 
by using essentially the same relationships 
with reference to part, film plane, and align- 
ment of the CR. The erect position will cause 
the bile laden with cholecystopaque to strat- 
ify into fluid levels, according to the degree 
of concentration and relative specific gravi- 
ty. The gallstones, which are lighter than 
certain layers of the bile, will float; and, 
upon floating together, they form a “density 
layer” which renders them radiographically 
demonstrable. Small but heavier-than-bile 
stones will tend to gravitate to, and collect 
in, the fundic portion of the gallbladder. In 
addition, the gallbladder tends to shift down- 
ward, backward, and towards the midline. 
Therefore, when the patient is first X-rayed 
in the recumbent position and then in the 
erect position, some modification of the CR 
alignment is necessary for the latter posi- 
a (approximately 1 1/2 to 2 1/2 inches low- 
er). 

(7) Special methods for radiography of 
the gallbladder may include the use of spot- 
film or tomography. 
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(a) Spot-filming. Following exposure 
and processing of the survey film, the pa- 
tient is positioned under the fluoroscope, and 
the radiopaque gallbladder is localized. Var- 
ious spot-film exposures may be obtained 
with the patient in either the recumbent or 
the erect position. 

(b) Tomography. After accomplishing 
the routine survey film, the radiologist speci- 
fies the number of layers or “cuts” to be 
spot-filmed, and also the level at which each 
is to be made. Ordinarily, the patient is 
placed in the prone position. By the use of 
tomographic technique, it is possible to 
avoid troublesome gas pockets or loculi or, 
at least, to lessen their adverse effects. Also, 
under certain conditions, gallstones casting 
doubtful densities when produced by conven- 
tional radiography can be more readily dis- 
tinguished. 

(8) The cholecystographic series is 
usually terminated with the final film being 
taken 1/2 - to 1-hour after ingestion of a 
“fatty meal,” which is given to the patient 
immediately after satisfactory demonstra- 
tion of the gallbladder. 

b. Intravenous Method: 

(1) The preparation of the patient and 
the radiographic procedure are essentially 
the same as for the oral method. The differ- 
ence lies in the contrast medium used, the 
time at which it is introduced, and the meth- 
od of introduction. 

(2) A cholecystopaque such as Cholo- 
grafin is injected into the vein of the arm. 

(8) Radiographic examintion is made, in 
accordance with established routine - usual- 
ly about 4 hours after the injection. Addi- 
tional films may be taken at subsequent in- 
tervals. 

(4) Afatty meal is given to the patient if 
ordered by the radiologist. 


14-9. Cholangiography. Cholangiography is 
a procedure for the demonstration of the bil- 
lary tract after the introduction of a con- 
trast medium. The contrast medium may be 
introduced by either of two methods: 

a. Direct Method. The direct method em- 
braces two types of procedures: operative, 
or immediate, and postoperative, or delayed. 

(1) Immediate or operative cholangiog- 
raphy. 

(a) This procedure is carried out in the 
operating room. The surgeon aspirates the 
bile in the ducts and injects a contrast medi- 
um such as Hypaque or Hippuran into the 
duct. 

(b) A mobile X-ray unit, a portable 
high-speed Potter-Bucky grid or cassette- 
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tunnel, and an adequate supply of loaded 
cassettes, preferably equipped with high- 
speed intensifying screens are used. The 
Potter-Bucky grid or cassette-tunnel should 
be adjusted in position before the surgery is 
started. 

(c) Since the operative site is sterile- 
draped when the tube is moved into position, 
the technologist must ask the surgeon to 
point out the exact site for directing the CR. 


(d) It is necessary to use as short an 
exposure time as possible, especially when 
other than spinal anesthesia is used. If spi- 
nal anesthesia is given, the patient should be 
instructed to suspend respiration during the 
exposure of the film. See section B, chapter 
13, for additional information. 


(e) Since the exposure must be made at 
a critical time during injection of the con- 
trast medium, the technologist should ask 
the surgeon to give him a signal so that he 
can expose the film at the proper time. As the 
surgeon is unable to wear lead protective 
gloves, the technologist must allow sufficient 
time for the surgeon to withdraw from the 
direct path of the X-ray beam before making 
the exposure. 


(f) Before exposing the film, the tech- 
nologist should direct his attention to the 
surgical site to make certain that none of the 
surgical instruments will be in the path of 
the X-ray beam. If any of the surgical in- 
struments overlie or obscure the area to be 
X-rayed, the technologist should tell the 
surgeon. This is extremely important. Fail- 
ure to observe this precaution may necessi- 
tate reexposure and delay the surgical pro- 
cedure. 


(¢) Exposed films should be processed 
immediately for reading. Additional films are 
made at the request of the surgeon. 

(h) The entire procedure must be car- 
ried out under aseptic conditions. 

(i) A representative cholangiogram 
made at operation is shown in figure 14-16. 


(2) Delayed cholangiography. This ex- 
amination usually follows the removal of the 
gallbladder, and is usually performed in the 
X-ray department. Following surgery a T- 
tube is left in place within the biliary tract 
for continuous drainage. Utilizing the same 
type of contrast medium as for immediate 
cholangiography and eliminating the need of 
anesthesia, the material is injected through 
the T-tube into the biliary tract by the ra- 
diologist. The radiologist will also decide the 
type and the number of radiographs to be 
made. 
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Figure 14-16. A Representative Cholangio- 
gram Made at Operation. 


b. Intravenous Method: 


(1) Usually, the patient does not eat or 
drink anything after 1800 hours on the day 
prior to the examintion. 

(2) On the morning of the examination 
the patient is given a sensitivity test. If 
there are no contraindications, the radiolo- 
gist slowly injects intravenously 40 cc of 
cholangiopaque (Cholografin). 

(3) Ten minutes after the injection the 
first film is made. Meanwhile, observe the 
patient for any reaction. 

(4) RPO radiographs are usually made 
to prevent superimposition of the common 
bile duct over the spine. Body rotation is 15 
to 20 degrees. 

(5) The initial film is processed immedi- 
ately and is read by the radiologist. This film 
also provides the technologist a means of 
checking for the proper positioning of the 
patient and the correctness of the exposure 
factors. 

(6) Subsequent films are exposed at 10- 
minute intervals for the first hour and 20- 
minute intervals for the second hour. In each 
instance, the film is processed immediately 
and read by the radiologist. 

(7) Ordinarily, this completes the exami- 
nation. However, under certain conditions, 
tomography may be used. 


14-10. Sialography. Sialography is the radi- 
ographic demonstration of the salivary 
ducts and related glandular structures dur- 
ing radiopacification following the introduc- 
tion of a suitable contrast medium. The three 
pairs of salivary glands, the parotid, the 
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submaxillary or submandibular, and the 
sublingual, and their associated ducts are 
described in chapter 8. 

a. General Procedure: 

(1) Whenever practical, this examina- 
tion should be scheduled. 

(2) Removable dentures should be taken 
out of the patient’s mouth prior to radio- 
graphy, except in some cases where occlusal 
film is used. Necklaces, earrings, hairpins, et 
cetera, should also be removed. 

(3) Before the contrast medium is inject- 
ed, the patient’s mouth should be cleaned by 
rinsing with an antiseptic solution. 

(4) Preinjection films are exposed as di- 
rected by the radiologist or EENT specialist. 
These films are processed immediately and 
read. They are helpful to establish the pro- 
per exposure factors and to provide the ex- 
aminer with radiographs which may show 
stones that could later be obscured by the 
contrast medium. 

(5) The patient is placed in the supine 
position on the X-ray table, and the examin- 
er inserts a cannula or a special catheter 
into the orifice of the specific duct under con- 
sideration. The exposed or opposite end of 
the catheter is connected to a syringe filled 
with 2 to 5 ce of the contrast medium, which 
has been warmed to body temperature. Wa- 
ter-soluble, injectable, urographic media like 
Hypaque 50, Conray 60, and Renografin 60 
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are commonly employed. However, some 
physicians prefer viscous oily media such as 
Pantopaque or Ethiodol. To help locate the 
opening of the duct in the patient’s mouth, it 
may be necessary to give the patient some 
lemon juice to stimulate the function of the 
duct to open and make the passage of the 
catheter easier. Two or three clean hand 
towels should be kept handy in case some of 
the contrast material is accidentally spilled. 
b. Suggested Positioning Procedures: 

(1) Parotid Gland and Related Ducts 
(Stensen’s Duct): 

(a) The patient may be positioned in 
either the prone or the supine position, 
dpending-upon whether an AP tangential or 
a PA tangential projection is preferred. In 
either case, the head is adjusted so that the 
IOML is as nearly as possible perpendicular 
to the plane surface of the film. 

(b) For the AP tangential projection, 
the patient’s head should be rotated toward 
the side being examined. The degree of rota- 
tion should be enough to align the parotid 
area perpendicular to the plane of the film. 
The film is centered to the parotid area at the 
level of the lips. The CR is directed perpen- 
dicularly to the center of the film (figure 14- 
17). Exposure is made at completion of injec- 
tion. The patient is instructed to suspend 
respiration during exposure. Either grid or 
nongrid technique may be used. 





Figure 14-17. AP Tangential Projection of the Parotid Area. 











) 


AFM 160-30/TM 8-280/NAVMED _ P-5119 
(c) For the lateral, the patient should 
be in a semiprone position with the head pos- 
itioned as for a lateral skull, chin extended 
and median plane of the head rotated for- 
ward (faceward) about 15°. The film is posi- 
tioned so that the center of the film is ap- 
proximately 1 inch above the angle of the 
jaw. The CR is directed perpendicularly 
through the inferior margin of the mandibu- 
lar angle (figure 14-18). The film is exposed at 
the completion of injection. The patient is 
instructed to suspend respiration during 
exposure. This projection also demonstrates 
the submaxillary gland in the lateral aspect. 
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(2) Submaxillary Gland and Related 
Ducts: 

(a) The lateral projection of the sub- 
maxillary area is obtained in the same man- 
ner as the lateral of the parotid area (figure 
14-18). 

(b) To obtain radiographs of the sub- 
maxillary gland and related structures in 
the sagittal plane, the verticosubmental 
(axial) projection (figure 14-19) or the sub- 
mentovertical projection (figure 14-20) may 
be used. In the case of the latter projection, 
an occlusal film is held between the teeth 


(figure 14-20). (NOTE: The oblique-lateral 





Figure 14-18. Lateral Projection of the Parotid and Submaxillary Glands. 





Projection 


Figure 14-19. Verticosubmental 
for Demonstration of Submax- 
illary Gland and Related Struc- 
tures. 


mandible projection may be substituted for, 
or taken in addition to, this projection.) 


(3) Sublingual Gland and Related Ducts: 

(a) The lateral projection may be 
done, when indicated, by using a true lateral 
position of the mandible and directing the 
CR perpendicularly to the midsagittal plane 
(figure 14-21). 

(b) The submentovertical projection 
employing occlusal film is frequently used 
for demonstration of the sublingual area in 
the sagittal plane (figure 14-20). 


ce. Additional Technical Considerations. 
As a starting value, 70 kVp is suggested for 
nongrid technique and 85 kVp for grid tech- 
nique (8:1 grid ratio). The correct density 
should be obtained by adjusting the mAs 
values rather than by adjustment of the kVp. 
The principal reason for using relatively 
high kVp values is to insure adequate pene- 
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Figure 14-20. Submentovertical Projection 
for Demonstration of the Sub- 
maxillary Gland, the Sublin- 
gual Gland; and Related Struc- 
tures. 


tration in the case of the sometimes unavoid- 
able superimposition of the structures under 
consideration with the complex bony struc- 
tures of the head. 


- 
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Figure 14-21. Lateral! Sialogram. 
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SECTION B—THE UROGENITAL SYSTEM 


14-11. Introduction: 

a. The urogenital system is described in 
chapter 8. 

b. Urography—radiographic study of the 


_functional and structural aspects of the 


parts of the urinary tract after they have 
been rendered radiopaque. This term em- 
braces two methods of examining the kid- 
neys utilizing a contrast medium—(1) excre- 
tory urography, and (2) retrograde urogra- 
phy. Excretory urography is a functional 
examination and retrograde urography is a 
structural examination. In either case, spe- 
cific patient preparation is required. In re- 
trograde urography, the contrast medium is 
introduced directly into the renal pelvis via 
the ureter by means of special catheters. In 
excretory urography the contrast medium is 
usually injected intravenously and passes 
quickly into the urine; however, it can be 
introduced intramuscularly, subcutaneous- 
ly, or orally, depending upon clinical contin- 
gencies. Excretory urography is commonly 
referred to as intravenous pyelography, and 
retrograde urography as retrograde pyelog- 
raphy. The films thus obtained are called 
pyelograms. 

ce. The terms applied to other urographic 
examinations and the organs to which they 
pertain are: 

(1) Ureterography—ureters. 

(2) Cystography—urinary bladder. 

(8) Urethrography—urethra. 

(4) Prostatography—prostate. 

(5) Epididymography—epididymis. 

(6) Vesiculography—seminal vesicles. 

(7) Hysterography or uterography— 
uterus. 

(8) Hysterosalpingography or uterosal- 
pingography—uterus and oviducts (fallopi- 
an tubes). 

(9) Nephrography—kidney tubules. 


14-12. Intravenous Pyleography: 

a. Patient Preparation and Scheduling. 
Preparation and scheduling of the patient 
depends upon local policies, and may include 
the following: 

(1) Requests for this examination 
should be properly filled out by the referring 
medical authority and submitted to th ra- 
diology service. 

(2) In some hospitals, intravenous pye- 
lography is the responsibility of the urology 
section of the surgical service. 

(3) Radiopaque pills or tablets should 
not be given to the patient prior to the exam- 
ination. 








) 
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(4) The gastrointestinal tract should be 
empty; the patient should be given a cathar- 
tic at least 12 hours prior to the examina- 
tion. 

(5) The patient should not have any 
fluids or foods by mouth after 2200 hours of 
the evening before the examination. If it is 
necessary to dehydrate the patient, a longer 
period of abstention from fluids may be pre- 
scribed. 

(6) The patient should void just prior to 
the examination. 

b. Equipment: 

(1) Radiographic-Urological Table. A 
special radiographic-urological table, readi- 
ly tiltable, is the most practical and conven- 
ient apparatus for urographic examina- 
tions. Ordinarily, this unit is equipped with a 
Potter-Bucky diaphragm, leg and shoulder 
rests, and immobilization band. It should be 
used in combination with an X-ray tube and 
generator of sufficient capacity to minimize 
the adverse effects of motion unsharpness by 
permitting the utilization of short exposure 
times. For the structural arrangement of 
this unit see figure 14-22. Often located in the 
urological service, where accessory items of 
equipment, contrast media, and medical 
items are conveniently near, this setup is 





Figure 14-22. Table, 
cal. 


Radiographic-Urologi- 
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especially desirable when the urological 
service has its own darkroom. 

(2) Conventional X-ray Table Unit. This 
unit should be equipped with a Potter-Bucky 
diaphragm, foot and shoulder rests, and 
immobilization band, and should be tiltable. 
The tube and generator should be of ample 
capacity to allow for short exposure times. 


ec. Administration of Contrast Medium: 

(1) The contrast medium (contained in 
an ampule) should be warmed to body tem- 
perature in a basin of water. 

(2) An “IVP layout” should be made 
available in accordance with the established 
routine. This layout may consist of such 
items as: 

(a) Syringes, sterilized—a 20-cc, 30- 
ec, or a 50-ce syringe for the injection of the 
contrast solution, and a 2-cce syringe for the 
administration of the sensitivity test or ad- 
renalin. 

(b) Needles of specific size and num- 
ber, sterilized. 

(c) Ampule file. 

(d) Ampules of adrenalin. 

(e) Tourniquet. 

(f) Alcohol. 

(¢) Gauze bandages, sterilized. 

(h) Hand towels, sterile. 

(1) Small water basin, sterilized. 

(3) Either the radiographic-urological 
table or the conventional X-ray table may be 
used. The patient is placed on the table in the 
supine position with the midline of the body 
aligned to the center of the table. The knees 
should be flexed, and the head and shoulders 
elevated sufficiently to “flatten” the pa- 
tient’s back and bring it in even contact with 
the table surface (figure 14-23). 

(4) Ordinarily, the patient is given a 
minute quantity of the contrast medium 
(Orally, ophthalmically, subcutaneously, or 
intravenously) to determine sensitivity. 

(5) A KUB film should be made before 
the injection of the contrast medium. This 
film should be processed immediately and 
given to the radiologist or other responsible 
medical authority for examination. It will 
show whether or not the gastrointestinal 
tract has been properly cleared and also 
demonstrate the presence of any calculi or 
any outstanding pathology. It also serves as 
means of checking for correctness of tech- 
nique factors and accuracy of positioning. 

(6) After preliminary testing, a sterile 
aqueous contrast solution containing from 
35 to 50 percent iodine compound (for exam- 
ple, Conray, Renografin, or Hypaque) is in- 
jected slowly into one of the antecubital 
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Figure 14-23. Patient Position for Urography (Urological (A) and Conventional (B) Tables. 


veins at the elbow. INJECTION IS ALWAYS 
MADE BY THE RADIOLOGIST OR ANOTH- 
ER PHYSICIAN. 


d. Radiography: 

(1) In general, the positioning of the 
patient (figure 14-23) and the technique fac- 
tors are the same as for the routine KUB 
procedure. 

(2) Films are exposed at specified inter- 
vals. Exposure time should be as short as 
practicable, to minimize motion unsharp- 
ness. Unless otherwise specified, exposure is 
made upon suspension of respiration at the 
end of exhalation. Exposures are made ac- 
cording to clinical routine. The following 
sequence is an example: 

lst film: 5 minutes after injection. 

2d film: 10 minutes after injection. 

3d film: 15 minutes after injection. 

4th film: 20 minutes after injection. 
At least one film (noramlly the last) is made 
with the patient in the upright position. For 
upright projections, the normal exposure 
should be increased. 

(3) In addition to the above films, it is 
sometimes necessary to take one or more of 
the following: 

(a) Posterior-obliques—right and/or 
left. 

(b) Laterals—right and/or left. 

(c) Stereoscopic projections. 

(d) Post-micturition film of the uri- 
nary bladder. 

(e) Tomograms. 

(f) Serialograms—for the determina- 
tion of filling defects. 

(4) In addition to the regular ident! 
tion data, lead nuniber markers are usea to 
indicate the time-intervai at which each firm 
was exposed. The time-interval iark: 


should be so placed that it is easily distin- 
guished on the processed film. Also, be sure 
to identify any upright film (when taken) 
with an arrow or other appropriate marker. 

(5) Unless otherwise specified, as soon 
as each pyelogram is exposed, it is immedi- 
ately processed and presented to the radiolo- 
gist for reading. 


(6) To induce urine stasis for the pur- 
pose of obtaining the best filling, and thereby 
greater concentration of the contrast medi- 
um in the renal pelves and calyces, one of 
several methods may be used. The two meth- 
ods most commonly used are presented be- 
low. (NOTE: The inducement of urine stasis 
will be resorted to only at the request of the 
responsible medical authority.) 

(a) Gravitational Method. The patient 
is placed in the modified Trendelenburg (20° 
to 40°) position, which induces urine stasis 
with the aid of gravity. 

(b) Compression Method. A radiopar- 
ent compression device, such as a suitably 
shaped block of balsa wood or an inflatable 
bag, is placed on the lower part of the pa- 
tient’s abdomen and the proper amount of 
pressure is applied by an immobilization 
band. Compression is usually applied before 
the start of the injection and released prior 
to the exposure of the last film. Uretero- 
grams may be obtained while the ureters are 
filled with the contrast agent by exposing a 
film immediately after compression is re- 
leased. 

(7) If subsequent pyelograms are to be 
taken, great care should be exercised to ob- 
tain films of the same quality as those made 
previously, with respect to position, FFD, 
radiographie contrast, and density. This is 
necessary for satisfactory comparison with 
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the results of prior urographic examina- 
tions. A representative intravenous pyelo- 
gram is shown in A, figure 14-24, a labeled 
tracing of the pyelogram is shown in B, fig- 
ure 14-24. 
e. Precautions: 
(1) There is always the possibility of the 


patient having side reactions following 
injection of the contrast medium. For this 


reason, the following precautions must be 
observed. 

(a) AT NO TIME DURING THE 
EXAMINATION WILL THE PATIENT BE 
LEFT UNATTENDED. 

(b) Should the patient show such signs 
as hives, sweating, pallor, dyspnea, severe 


A 





Figure 14-24. Intravenous Pyelogram. (A) 
Radiograph; (B) Labeled Tracing. 
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vomiting, restlessness, or rapid pulse, com- 
Bevan medical aid will be summoned immedi- 
ately. 

(c) The technologist should take care 
not to alarm or suggest symptoms to the pa- 
tient. 

(d) Treatment materials must be 
available and ready for instant use in case 
an emergency should arise. An anaphylactic 
shock and emergency resuscitation layout 
should be kept in complete readiness. 

(e) For more information concerning 
patient reactions see chapter 11. 


14-13. Retrograde Pyelography: 

a. Patient Preparation and Scheduling. 
Patient preparation and scheduling for pye- 
lography is similar to that for intravenous 
pyelography (paragraph 14-12), except for 
the following: 

(1) Fluid intake (water) is not restricted; 
instead unless otherwise ordered, fluid in- 
take is forced as much as the patient will tol- 
erate. 

(2) Sedation is administered, as ordered. 

b. Equipment: 

(1) The radiographic-urological table 
unit (figure 14-22). 

(2) Cystoscope of the type especially 
suited for this examination. 

(3) A special layout consisting of sterile 
and nonsterile accessory supplies, drugs, 
and apparatus. The content and arrange- 
ment of this layout will vary with the case 
and the preferences of the urologist. For 
example, a representative layout may in- 
clude such items as the following: 

(a) Catheters, ureteral, X-ray, 4 to 14 
Fr. Urethral, 14 to 24 Fr. 

(b) Syringes, bulb type, with assorted 
nozzles. Luer, 2, 5, and 10 ce. 

(c) Specimen bottles, culture tubes, 
and medicine glasses. 

(d) Towels, drapes, sheets, leggings, 
gauze, cotton, and gloves. 

(e) Tourniquet, large and small water 
basins, and catheter trays. 

(f) Drugs, antiseptic solutions, and 
contrast solutions. 

c. Procedure: 

(1) The patient is placed on the radi- 
ographic-urological table, as shown in A, 
figure 14-23. 

(2) The patient’s lower extremities are 
sheathed in leggings especially designed for 
this purpose. 

(3) The urologist introduces the cysto- 
scope via the urethra and makes a prelimi- 
nary examination of the urinary bladder. He 
then passes the ureteral catheters through 
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the cystoscope into the ureters as far as the 
renal pelves. 

(4) A film is usually made to check the 
position of the catheter(s) and to check pa- 
tient position and technical factors. 

(5) This film is immediately processed 
and presented to the radiologist or the urolo- 
gist for reading. 

(6) At this stage of the procedure, the 
urologist will, in most instances, retract the 
cystoscope, leaving the catheters in place. 

(7) A contrast solution is introduced 
into the renal pelves and calyces through the 
respective catheters by means of syringes. 
This procedure is accomplished by the urolo- 
gist. 

(8) At this point, the following routine is 
usually carried out: 

(a) At a signal from the urologist, the 
technologist exposes the pyelogram (figure 
14-25). For this exposure, the patient is in- 
structed to suspend respiration at the end of 
exhalation. 

(b) The patient is allowed to breathe 
normally while the film in the Potter-Bucky 
tray is quickly changed. 

(c) The urologist withdraws the ure- 
teral catheters and simultaneously main- 
tains pressure on the syringes to express the 





Figure 14-25. Retrograde Pyelogram. 
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amount of contrast solution required for 
maximum filling of the ureters. 

(d) At a signal from the urologist, the 
ureterographic exposure is made. The timing 
of the exposure is regulated so that the film 
will record the incidence of maximum filling 
of the ureters. Exposure time should be as 
short as practical. Such film are termed ure- 
terograms. 

(9) There are several variations of the 
above routine. For example, in some instanc- 
es the kidney on one side is filled and the pye- 
lographic film is exposed. Then the same pro- 
cedure is repeated for the kidney on the op- 
posite side. The head of the table is often 
elevated 35° to 45° for the ureterogram, to 
demonstrate any kinking of the ureters and 
to determine any downward displacement of 
the kidneys. On occasion, the “split-expo- 
sure” technique may be used to differentiate 
between a ureteral calculus and a calculus- 
like density superimposed with the density 
pattern cast by one or both the ureters. For 
this technique, the first exposure is made 
with the tube positioned as for normal center- 
ing, and the second exposure is made with the 
tube displaced laterally 1 1/2 to 3 inches. 
One-half of the normal exposure time is used 
for the first exposure, and two-thirds of the 
normal exposure time is used for the second 
exposure. Only the tube is moved during this 
procedure—the position of the patient and 
the film remain constant. 

(10) In actual practice, the number and 
kind of films exposed depends upon the pa- 
tient’s symptoms. The X-ray technologist 
should be prepared to take such views as 
posterior-obliques, laterals, or stereoscopic 
projections. 


14-14. Cystography 
raphy: 

a. General. Cystography is the ,radi- 
ographic study of the urinary bladder after 
the introduction of a radiopaque contrast 
medium. The films thus obtained are systo- 
grams. When a radiolucent contrast medium 
such as air is used, the examination is termed 
pneumocystography, and the film is a pneu- 
mocystogram. 

b. Patient Preparation and Scheduling: 

(1) Unless specific orders are given, pa- 
tient preparation and scheduling are the 
same as for pyelography. 

(2) The patient is instructed to void 
before being placed on the X-ray table. 

ce. Equipment: 

(1) The conventional X-ray unit 
equipped with a Potter-Bucky diaphragm 
and a tilting mechanism is preferred. 


and Pneumocystog- 
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(2) When cystoscopy is required, the 
radiographic-urological table unit may pro- 
vide certain advantages. 

(3) A cystoscopic layout that suits the 
needs of the given case should be readily 
available. Ordinarily, this layout is made up 
and supplied by the urological section. 


d. Procedure: 


(1) The patient is placed on the table in 
the supine position with the median plane of 
the body centered to the midline of the table. 
A 10 X 12 inch film is placed lengthwise in the 
Potter-Bucky film tray and its midlength is 
centered in line with a point 1 inch above the 
symphysis pubis on the median plane of the 
body. The CR is projected perpendicularly 
and directed to the center of the film. A pre- 
liminary film of the bladder region is made 
upon request of the examiner. 


(2) Toclear away any gas inthe rectum, 
a rectal tube may be inserted. The tube must 
be removed before exposures are made. 


(3) The urologist introduces a contrast 
medium such as Cystokon into the bladder 
through a urethral catheter, in an amount 
sufficient to distend the bladder (200-300 cc). 
To retain the contrast solution in the blad- 
der during radiography, the catheter should 
be clamped. 


(4) Cystograms are exposed with the 
patient’s respiration suspended at the end of 
exhalation. The first exposure is an AP 
projection of the bladder region. Usually, 
right and left posterior-obliques (45° to 60° 
body rotation) are made following the PA 
projection (figure 14-26). Additional expo- 
sures may include lateral or stereoscopic 
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projections in the prone or supine positions. 
A representative cystogram is shown in 
figure 14-27. 


(5) In some cases the AP projection is 
taken with the CR angled 15° to 25° caudad 
from the vertical relationship (figure 14-28). 
Similar results may be obtained with a per- 
pendicular CR and the head of the table ele- 
vated 15° to 25° caudad from the vertical re- 
lationship (figure 14-29). 


(6) For pneumocystography the posi- 
tioning procedure is generally the same as 
for cystography. However, an AP and a PA 





Figure 14-27. A Representative Cystogram. 





Figure 14-26. Posterior Oblique for Cystog- 
raphy. 


Figure 14-28. AP Projection for Cystogra- 
phy (CRAngled Caudally). 
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Figure 14-29. AP Projection for Cystography 
With the Head of the X-ray 
Table Elevated and the Central 
Ray Perpendicular. 


projection are considered the basic projec- 
tions for this examination. The exposure 
time should be decreased by 40 to 50 percent 
from that used for cystography because of 
the radiolucency of the induced space occu- 
pied by the injected air. A representative 
pneumocystogram is shown in figure 14-30. 
For double-contrast studies, a special colloi- 
dal solution is first introduced into the blad- 
der and then withdrawn, leaving a residual 
coating of the substance on the mucosa. Air 
is then injected and the pneumocystogram is 


taken. 
a 


. 


Figure 14-30. A Representative Pneumocys- 
togram. 
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14-15. Nephrography: 

a. General. Nephrography is a special 
procedure for the radiographic demonstra- 
tion of the parenchymal structures of the 
kidneys during their radiopacification by 
means of a contrast medium. 

b. Patient Preparation and Scheduling. 
Patient preparation and scheduling are es- 
sentially the same as for intravenous pye- 
lography (paragraph 14-12). However, in 
some cases, a test is administered for the 
calculation of circulation time (for example, 
arm-to-tongue decholin) to determine the 
optimum intervals of time and the sequence 
to be used in exposing the films following the 
injection of the contrast medium. 

ce. Introduction of Contrast Medium and 
Radiography: 


(1) The patient is placed in the supine 
position with the midline of the body to the 
center of the X-ray table unit. A 10 X 12 inch 
or a 14 X 17 inch film is placed in the Potter- 
Bucky diaphragm film tray and centered at 
the level of the 2d lumbar vertebra. The CR 
is directed to the center of the film. 

(2) The pertinent aspects of the proce- 
dure should be explained to the patient, and 
he should be warned about the sensations he 
is likely to experience during the procedure 
(such as hot flashes, gagging, and nausea). 
The necessity for controlling respiratory or 
body movements during the exposure of the 
films should be stressed. 

(83) A preliminary film is exposed, devel- 
oped, and immediately presented to the ex- 
aminer for reading. This film will serve as a 
check for correctness of positioning, tech- 
nique factors, and adequacy of patient prep- 
aration. 

(4) A 12-gauge injection needle (for ex- 
ample, Robb-Steinberg type) is inserted into 
an antecubital vein of the arm. A wide bore 
syringe, which has been previously filled 
with the contrast medium (consisting of one 
of the sterile aqueous solutions and contain- 
ing 70 to 75 percent iodine compound; for 
example, Hypaque, Renograffin), is attached 
to the needle. 

(5) With all participants alerted, tech- 
nique factors selected, X-ray apparatus in 
readiness, the examiner gives the “ready” 
signal and starts injecting the contrast me- 
dium (40 to 50 cc). As the last few cc of the 
contrast solution leave the syringe, the ex- 
aminer calls out, “NOW,” at which time the 
technologist (or an assistant) starts a stop- 
watch or audibly counts the passage of sec- 
onds on any available timepiece which has a 
second hand. 
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(8) The patient is placed on X-ray table 
to the AP-oblique position with the body 
rotated 35° to 40°, either to the left or to the 
right. For male patients, the penis is extend- 
ed along the medial aspect of the thigh near- 
est the film. The region of the symphysis 
pubis is centered to the midline of the table. 
The knee nearest the table surface is moder- 
ately flexed. The leg farthest from the table 
surface is extended and moved slightly back- 
wards. Sandbags are placed to secure and 
immobilize the position. See figure 14-32. 


i 








Figure 14-32. Position for Urethrography. 


(4) A 10 X 12 inch film is placed length- 
wise in the Bucky tray with its midlength 
aligned at the level of the inferior border of 
the symphysis pubis. 

(5) Proper collimation is used. 

(6) The CR is projected perpendicularly 
and directed to the center of film. 

(7) The urologist introduces a contrast 
medium (Kiodan Viscous Solution, Rayopak) 
into the urethra. 

(8) Exposure is made at a signal from 
the urologist. Routine pelvic technique fac- 
tors are appropriate. Respiration is sus- 
pended during exposure. 

(9) The foregoing procedure may be var- 
ied by taking AP or PA projections of the 
filled urethra, using screen or cardboard 
(non-Bucky) technique. For these radi- 
ographs, the patient’s legs are parted, the 
penis is positioned to the central portion of 
the film, and the CR is angled about 12° cau- 
dad from the vertical relationship. Routine 
digit technique factors are appropriate. 

(10) A representative urethrogram is 
shown in figure 14-33. 
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14-18. Prostatography: 

a. General. Prostatography is the radi- 
ographic investigation of the prostate gland 
for confirming the presence or absence of 
calcareous deposits, hypertrophy, and carci- 
nomous processes in the prostate gland. 
Studies for enlargement of the prostate 
gland are done by means of contrast cysto- 
grams. 

b. Patient Preparation and Scheduling: 

(1) The preparation of the patient ordi- 
narily consists of clearing the lower bowels 
of gas and fecal material by enema. 

(2) The patient is requested to void just 
prior to the examination. 

ce. Procedure: 

(1) The patient is placed in the prone 
position with the midline of the body cen- 
tered to the midline of the table (figure 14- 
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4). 
(2) An 8 X 10 inch film is placed length- 
wise in the Bucky tray. 
(3) The CR is angled 20° to 25° cephalad 
from the vertical relationship and directed 





Urethro- 


Figure 14-33. A Representative 
gram. 
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Figure 14-34. Patient Positioned for Prosta- 
tography. 


through the region of the anus to the center 
of the film. 

(4) Exposure is made with respiration 
suspended at the end of exhalation. Routine 
pelvic factors are appropriate. Appropriate 
collimation is used for film coverage. 


14-19. Epididymography: 

a. General. Epididymography is a special 
procedure (utilizing a contrast medium) for 
the radiographic demonstration of the epidi- 
dymis. This examination is for investigating 
anatomical abnormalities and pathology or 
correlating clinical information. The film 
obtained Is an epididymogram. 

b. Patient Preparation and Scheduling: 

(1) Since this procedure normally is 
done in the operating room, the routine pre- 
surgical preparation of the male genital re- 
gion is accomplished by the operating room 
personnel. 

(2) When conditions permit, these exami- 
nations should be scheduled to permit proper 
coordination between the X-ray clinic and 
the referring medical authority. 

ce. Procedure: 

(1) The patient is anesthetized. 

(2) The vas deferens is exposed by surgi- 
cal incision, and a small intradermic needle 
is inserted in the direction of the epididymis. 

(3) An 8 X 10 inch film in a cardboard 
holder and enclosed in sterile wraps is placed 
beneath the patient’s scrotum. 

(4) A mobile X-ray unit is made ready. 

(5) From 0.2 to 0.5 cc of a_ sterile 
aqueous solution containing 50 percent of 
iodine compound is injected slowly to fill the 
epididymal lumen. Progress of flow of the 
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contrast solution is encouraged by gentle 
massage of the epididymis. 

(6) Epididymograms are exposed by the 
technologist at a given signal from the sur- 
geon. During exposure, the penis should be 
retained in an “out of the way” position, to 
avoid superimposition with the scrotal re- 
gion. Usually, a second exposure is made 
with the testicle rotated 90°. 

(7) Basic exposure factors are compara- 
ble to those used for digit technique. The size 
of the field should be restricted to the most 
practical limits by collimation. 

(8) Each film should be processed imme- 
diately and presented for reading. 

(9) Under certain circumstances, about 
10 ec of sterile air may be injected into the 
designated scrotal sac in order to produce a 
greater degree of radiographic contrast. 


14-20. Vesiculography: 

a. General. Vesiculography is the radi- 
ographic examination of the seminal vesicles 
after the introduction of a contrast medium, 
for investigating anatomical abnormalities, 
pathology, and conditions related to male 
sterility, or for correlating clinical informa- 
tion. 

b. Patient Preparation and Scheduling: 

(1) Routine presurgical preparation of 
the male genital region and scheduling is the 
same as for epididymography (paragraph 
14-19). 

(2) The patient’s lower bowel should be 
cleared of gas and fecal material. The pa- 
tient is requested to void just prior to exami- 
nation. 


c. Procedure: 

(1) The surgical procedure is the same 
as for epididymography with the exception 
that the insertion of the injection needle into 
the vas deferens is in the opposite direction. 

(2) The patient is placed in the supine 
position. A 10 X 12 inch film, preferably ina 
grid-cassette, is placed lengthwise with the 
midline of the film centered to the median 
plane of the body. The midlength of the film 
is aligned midway between the level of the 
symphysis pubis and the level of the ASIS. 

(3) The CR is projected perpendicularly 
and directed to the center of the film. 

(4) About 1.5 ce of a contrast solution 
(the same as that used for epididymography) 
is injected into the lumen of the vas deferens. 

(5) Exposure is made by the technologist 
at a given signal from the surgeon. Routine 
pelvic technique factors are appropriate. 
Collimation should be used to confine the 
field of irradiation to the most practical lim- 
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its. Respiration is suspended for the expo- 
sure. 
(6) Films should be processed immedi- 
ately and presented for reading. Additional 
radiographs are made as ordered by the sur- 


n. 

(7) Precautions relating to sterile tech- 
niques must be observed during the entire 
procedure. 


14-21. Hysterosalpingography (Uterosalpin- 
gography): 

a. General. This procedure deals with ra- 
diographic and/or fluoroscopic examinations 
of specified structures of the female reprod- 
uctive system, utilizing a contrast medium. 
The radiograph is a hysterosalpingogram. 
The specified technique will depend upon the 
nature of existing pathology, the condition 
of the patient, the special type of apparatus, 
and the preferences of the examiner. The 
general principles of the procedure are pres- 
ented herein primarily for guidance. 

b. Patient Preparation and Scheduling: 

(1) A properly filled out request form is 
submitted to the X-ray department by the 
referring medical authority. 

(2) Examination is usually scheduled 7 
to 8 days after menstruation or at a time 
determined by the gynecologist or radiolo- 
gist. 

(3) The patient’s lower bowels should be 
cleared of gas and fecal material, as ordered 
by the responsible medical authority. 

(4) The patient is requested to void just 
prior to the examination. 

c. Procedure: 

(1) The patient is placed in the supine 
position with the median plane of the body 
aligned to the midline of the combination 
radiographic-fluoroscopic table. If fluoros- 
copy is not to be done, the standard radi- 
ographic-urological table unit may be pre- 
ferred. 

(2) A 10 X 12 inch film is placed length- 
wise in the Potter-Bucky film tray with the 
midlength of the film aligned to the level of 
the ASIS. The CR is projected perpendicular- 
ly and directed to the center of the film. Colll- 
mation should be used to confine the field of 
irradiation to the most practical limits. 

(3) A preliminary film is exposed as or- 
dered. Routine pelvic factors will serve for 
basic exposure technique. 

(4) The gynecologist or the radiologist 
introduces a vaginal speculum. 

(5) A cannula is inserted into the cervi- 
cal canal of the uterus. 

(6) The gynecologist injects from 3 to 16 
ec radiopaque contrast material (usually 
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Salpix) containing from 35 to 40 percent io- 
dine compound. In some instances, the course 
of the contrast medium is observed fluoros- 
copically. Spot-filming is done by the radiolo- 
gist, when necessary. 

(7) Hysterosalpingograms are exposed 
by the technologist at a given signal from 
the gynecologist. Respiration is suspended 
for the exposure. 

(8) Additional films are taken as or- 
dered. For example, these may include one or 
more of the following: 

(a) AP projection with or without 
caudal angulation of the CR. 

(b) PA projections with or without 
cephalad angulation of the CR. 

(c) Obliques, anterior or posterior 
(right and/or left). 

(d) Decubitus—AP, PA, or 
projections. 

(e) Serialograms. 

(f) Pelvic inlet views. 

(g) Stereoscopic projections. 

(9) Sometimes a pelvic pneumoperito- 
neum may be performed to demonstrate the 
external contours of the uterus and adjacent 
structures. For this procedure, approximate- 
ly 500 ce of carbon dioxide or oxygen is intro- 
duced into the peritoneal cavity. The radio- 
lucent contrast medium is introduced by the 
gynecologist or radiologist while the patient 
is in the Trendelenburg position. For radio- 
graphy, the patient is turned in the prone 
position, and the table is tilted 45° to 50° to 
bring the hips above the level of the head 
(figure 14-35). The CR is projected vertically 
and directed through the region of the rec- 
tum to the center of the film. The exposure 
mAs should be reduced by approximately 
one-half of the normal. Other radiographs 
are taken as ordered. 


lateral 


SECTION C—THE RESPIRATORY 
SYSTEM (BRONCHOGRAPHY) 


14-22. Introduction. Of all the organs and 
structures which comprise the human body, 
the lungs are most frequently examined by 
radiologic means. The major components of 
the respiratory system are generally demon- 
strated via standard PA and lateral chest 
projections. However, certain respiratory 
diseases and bronchial conditions require 
detailed examination of the bronchial tree 
before a definite diagnosis can be made. The 
radiographic study of the bronchial struc- 
tures by means of introducing a contrast 
medium is called bronchography. 
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Figure 14-35. Patient Positioned for Pelvic 
Pneumoperitoneum. 


14-23. Patient Preparation and Scheduling: 

a. The examination is scheduled by the 
radiology service upon receipt of a properly 
prepared request form. 

b. The patient 1s kept NPO for 8 to 12 
hours prior to the examination. This reduces 
the possibility of the patient vomiting. This 
is important because vomitus aspirated into 
the lungs could cause the patient to suffo- 
cate. 

c. When indicated, postural drainage and/ 
or bronchoscopy is carried out on the ward 
on the morning of the examination. 

d. Preliminary medication will vary. 
Drugs such as pentobarbital sodium (Nem- 
butal), secobarbital sodium (Seconal), cod- 
eine phosphate, codeine sulfate, or atropine 
sulfate may be administered separately or in 
various combinations. Because such drugs 
may produce considerable drowsiness, the X- 
ray technologist should pay particular at- 
tention to the patient’s state of alertness, 
and be ready to render assistance. 

e. Just prior to the examination, the pa- 
tient is instructed to cleanse his oral cavity 
thoroughly with an antiseptic mouth wash. 

f. Before commencing the examination, 
the radiologist will check the patient’s medi- 
eal history for indications of possible sensi- 
tivity to iodides or certain anesthetics. 
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NOTE: It is very important that the tech- 
nologist perform the various parts of his 
role in the examination procedure promptly 
and efficiently. It is his duty to make certain 
that facilities designated for bronchography 
are cleared and ready at the appointed time. 
Any delay may lessen the desired effects of 
the premedication, and it may become neces- 
sary to administer additional medication. 


14-24. Material and Equipment (Representa- 
tive Items): 

a. Conventional radiographic-fluoroscop- 
ic table units, tilt-type. 

b. Cassette holder or changer for radio- 
graphy in the upright position. 

c. Syringes, 30 cc with special adapters 
(number required). Syringes, 3 cc, with nee- 
dles, as required. 

d. Curved laryngeal cannula. 

e. Laryngeal mirror. 

f. Head mirror. 

g. Laryngeal applicator. 

h. Nasal applicator. 

i. Catheters (metras, Thompson, or simi- 
lar type), qs. 

j. Kidney basin. 

k. Alcohol lamp (with box of safety match- 


es). 
l. Wooden tongue blades (in sterile metal 
container). 
m. Adhesive tape, 1/2 inch in width. 
n. Medicine glasses (number required). 
o. 4 X 4 inch sponges. 
p. DeVilbiss air compressor atomizer or 
medicinal, hand-worked atomizer. 
q. Cotton swabs. 
r. Cleansing tissue. 
s. Small table for holding materials and 
equipment. 
_t. Waste receptacle, step-on type, 3-gal 
s1Ze. 
u. Emergency materials (representative 
items): 
(1) Sterile amobarbital sodium (1 1/2 gr, 
ampule). 
(2) Adrenalin chloride solution 1 : 1,000 
(1 ec ampule). 
(3) Nikethamide injection, 25 percent 
solution (1 1/2 ce ampule). 
(4) Pentylenstetrazol injection, 3 ce (1 1/ 
2 gr/cc ampule). 
(5) Caffeine and sodium benzoate injec- 
tion, qs (ampule). 
(6) Phenobarbital sodium injection, qs 
(ampule). 
(7) Syringes, 5 cc Luer, sterile (number 
required). 
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(8) Needles, sterile #25 x 5/8-inch and 
#22, 1 1/2-inch (number required). 
(9) Water, chemically pure, qs. 


14-25. Anesthesia: 

a. General. Topical anesthesia is usually 
induced (20 to 30 minutes prior to instillation 
of the contrast medium) in the pharyngeal, 
laryngeal, and tracheobronchial areas to 
prevent coughing and gagging. The type, 
concentration, and amount of anesthetic to 
be used is determined by the radiologist. The 
following are some representative types of 
anesthetics used in bronchography: 

(1) Tetracaine hydrochloride (Ponto- 
caine)—2 percent. 

(2) Butacaine sulfate (Butyn sulfate)—2 
percent. 

(3) Cocaine hydrochloride—2 to 5 per- 
cent. 

(4) Lidocaine hydrochloride (Xylocaine— 
2 percent. 

(5) Hexyleaine hydrochloride (Cyclaine) 
—up to 5 percent. 

b. Methods of Administration: 

(1) Combination Method. This method 
consists of spraying (atomization), direct 
application, and instillation of the anesthet- 
ic into the involved air passages. 

(2) Nebulization (Aerosol) Method. In 
this method, the patient inhales the anesthe- 
tizing substance after it has been converted 
into a fine mist consisting of suspended dro- 
plets of 5 micra or less in diameter. A deter- 
gent agent (for example, triton A-20) 1 is add- 
ed to the anesthetic solution to aid in nebull- 
zation. 


14-26. Contrast Media: 

a. Types. Various types of contrast media 
are used for bronchography. The type that is 
used will vary, depending upon the nature of 
the diagnostic problem, the preferences of 
the radiologist, or local contingencies. The 
principal types used are of the oily and/or 
viscous variety, such as Dionosil, Visciodol, 
or Hytrast. A viscous medium is used to pre- 
vent it from flowing into the alveolar sacs 
and thereby to prevent interruption of the 
gas exchange process. In each case, the aver- 
age adult dose suggested for each lung is 10 
to 20 ce. 

(1) Dionosil, oily or “oily propylodine.” 
This is a 60 percent weight volume suspen- 
sion in arachis oil. 

(2) Lipiodol, containing an iodized pop- 
pyseed oil with 40 percent iodine. 

(3) Lipiodol, with sulfamlamide (Viscio- 
dol). This is a whitish, viscous liquid and is 
compounded as follows: suttarmlamide, 0.42 
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gm/cc; sodium sulfite, 0.002 gm/cc; and lipio- 
dol (40 percent) qs, 1.0 ec. Before using this 
type of contrast medium (Visciodol), it 
should be stirred with the glass rod accom- 
panying the vial, until a homogeneous sus- 
pension is obtained. To retain its character- 
istically high viscosity, this product should 
not be warmed above room temperature. 

(4) Micropulverized barium sulfate in 
suspension. This type of contrast medium 
may be used routinely or resorted to only 
when the patient is extremely sensitive to 
organic iodine compounds. The suspension is 
usually prepared in the following manner 
just prior to the examination: To 20 gm of 
dry, micropulverized barium-sulfate powder 
(Micropaque), add 40 cc of normal saline so- 
lution containing 1.5 to 3 percent (depending 
upon the degree of viscosity desired) of so- 
dium carboxymethylcellulose. The prepara- 
tion is stirred with a glass rod until a homo- 
geneous suspension is obtained. This proce- 
dure will yield 55 cc of contrast medium, 
which is usually sufficient for bilateral in- 
stillation. Any contrast medium left over at 
the completion of the examination should be 
discarded. 

b. Care and Handling: 

(1) Temperature. Some radiologists will 
require the contrast medium to be warmed to 
body temperature just prior to instillation. 
This may be done by placing the sealed con- 
tainers in a hot water bath or by holding 
them under running hot water. Some radiolo- 
gists may prefer to have the contrast medi- 
um at room temperature; other may wish to 
have it chilled in the refrigerator from 1 to 2 
hours prior to use. The factor of tempera- 
ture is governed to some extent by the degree 
of viscosity desired, the characteristic phys- 
ical or chemical properties of the medium, or 
the technique used by the radiologist. 

(2) Transferring Contrast Media from 
Container to Syringe. Because of the charac- 
teristic viscosity of these contrast media, 
they should always be poured from their 
containers directly into the syringe. Care 
should be exercised to avoid contamination, 
spillage, or unnecessary fragmentation of 
the glass ampules. Customarily, when bilat- 
eral instillation is considered, a separate 
syringe is filled with contrast agent as each 
side 1s about to be examined. 


14-27. Methods for Introducing (Instilling) 
the Contrast Medium. There are various 
methods for instilling the contrast medium 
into the bronchi. It is important that the 
technologist know beforehand the method of 
instillation to be used, because some methods 
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require specific setups in the X-ray room, or 
demand a certain routine for positioning the 
patient (the position of the patient during 
the injection of the contrast medium will 
largely determine the part of the bronchial 
tree that is filled). The methods most fre- 
quently used are: 

a. Intratracheal Intubation. Intratra- 
chea] intubation is, at present, a commonly 
used method. The contrast medium is in- 
stilled through an endotracheal tube. This 
tube is inserted transorally or transnasally 
into the trachea to a point near the bifurca- 
tion of the trachea into the primary bronchi. 

(1) The patient is seated on the horizon- 
tal X-ray table, with his feet dependent, and 
facing the radiologist. He is instructed to 
pull his tongue forward with adry 4 X 4 inch 
gauze square. 

(2) Using a laryngeal mirror and head- 
lamp, the radiologist will maneuver a soft- 
rubber or rubber-like catheter (through the 
nose or the mouth) into the upper level of the 
trachea. 

(3) The patient is made to lie down on 
the X-ray table (usually in a supine or later- 
al position), and the fluoroscopic apparatus 
is moved into position. 

(4) The catheter is then inserted further 
into the trachea (under fluoroscopic control) 
to the desired position. The catheter is then 
taped to the patient’s face to keep it in place. 

(5) The technologist now hands the ra- 
diologist a syringe filled with the contrast 
medium. The radiologist attaches the sy- 
ringe to the exposed end of the catheter, and 
instillation can be started. (NOTE: In some 
instances, the intubation procedure is done 
before the patient is sent to the X-ray clinic.) 


b. Intraglottic Injection: 


(1) The patient is seated facing the ra- 
diologist. He is instructed to draw his tongue 
forward with a 4X 4 inch gauze square. 

(2) The technologist hands the examiner 
a syringe fitted with a cannula and filled with 
the contrast medium. 

(3) With the aid of a laryngeal mirror 
and handlamp, the radiologist maneuvers 
the tip of the cannula directly into the pa- 
tient’s glottis. 

(4) The contrast medium is then intro- 
duced according to a predetermined proce- 
dure. 

ce. Supraglottic or Transglottic Injection. 
The supraglottic drip method is the oldest 
and considered by some to be the least effec- 
tive. In this method the contrast medium is 
dripped onto the glottis from a tube posi- 
tioned over the base of the tongue. It is then 
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allowed to flow down the trachea and into the 
bronchial passages. 

(1) The patient is seated facing the ra- 
diologist. He is instructed to draw his tongue 
forward with a 4 X 4 inch gauze square. 

(2) The technologist hands the radiolo- 
gist a syringe fitted with a cannula and filled 
with the contrast medium. 

(3) With the aid of a headlamp, the ra- 
diologist manipulates the tip of the cannula 
so that the contrast medium drops directly 
onto the base of the tongue at a rapid rate. 

(4) Selective disposition of the contrast 
medium into the air passages under consider- 
ation is carried out according to predeter- 
mined procedure. 


d. Bronchoscopic Injection. The bronchos- 
copic method is normally used for pediatric 
patients who are under general anesthesia. 
It derives its name from the bronchoscope, a 
tubelike instrument used to view the distal 
trachea and proximal main bronchi. With the 
bronchoscope in place, the contrast medium 
can be dripped in or a catheter can be passed 
through it. Use of the catheter enables the 
physician to selectively opacify one lobe of 
the lung at a time. 


e. Cricothyroid or Transtracheal Injec- 
tion. The cricothyroid puncture method in- 
volves the insertion of a needle through the 
cricothyroid membrane directly into the tra- 
chea. In some cases, after the puncture has 
been made, the needle is replaced by a cathet- 
er. The contrast medium is then introduced 
either through the needle or catheter. Like 
the bronchoscopic method, this method ena- 
bles selective coating of a single lobe. Be 
cause of the direct introduction of the con- 
trast medium into the trachea, the cough 
reflexes are reduced; consequently, this 
method is gaining in popularity. 

(1) The patient is made to lie down on 
the X-ray table in a supine position. The pa- 
tient’s neck is then hyperextended and posi- 
tioned over a roll of toweling or other suita- 
ble buttressing material. 

(2) Following appropriate antisepsis, 
local anesthesia is administered at the site 
selected for puncture. 

(3) The cricothyroid membrane, or a se- 
lected site in the trachea, is punctured with a 
16-gauge needle, to which a guard has been 
attached for the purpose of controlling the 
depth to which it can be advanced. The in- 
serted needle (with guard attached) is then 
secured in place with adhesive tape. 

(4) The syringe containing the contrast 
medium is connected to the needle by a length 
of flexible tubing. (NOTE: Anesthesia is 
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usually administered through the inserted 
needle before instillation is begun.) 
f. Atomization: 

(1) The patient is seated on the horizon- 
tal X-ray table, with his feet dependent, and 
facing the radiologist. 

(2) Adouble catheter (for example, a No. 
16 rubber catheter containing a No. 8 ureth- 
ral catheter) is passed via the nose into the 
patient’s trachea. The external portion of 
the catheter is connected to an atomizer. The 
atomizer is connected to an air compressor 
by flexible rubber tubing. 

(3) The patient is positioned under. the 
fluoroscopic apparatus. The catheter is then 
advanced to the desired position. 

(4) Instillation is begun when com- 
pressed air is made to flow through the atom- 
izing apparatus, causing a fine spray of the 
contrast medium to be produced at the tip of 
the catheter. The patient is instructed be- 
forehand how to breathe during the proce- 
dure. Spraying (atomization) is continued 
until the desired radiopacification is 
achieved. In this way, it is possible to apply 
a very fine coating of the radiopaque subst- 
ance to the inner mucosal surfaces of the 
respiratory tract. When used in combination 
with radiography, the procedure is some- 
times referred to as mucosography. 

(5) When this method of instillation is to 
be used, the technologist must provide a suit- 
able table on which the air compressor appa- 
ratus can be placed. He should also deter- 
mine the location of the most convenient 
electrical outlet and see that extension cords 
are available. 


14-28. Clinical Procedure: 

a. Upon arriving at the X-ray clinic, the 
patient is disrobed to the waist. Female pa- 
tients will be properly gowned. 

b. The pertinent steps of’ the procedure 
should be thoroughly explained to the pa- 
tient. If necessary, some of the positioning 
maneuvers should be rehearsed until the pa- 
tient understands exactly what he is to do 
during the examination. 

c. Topical anesthesia is administered ac- 
cording to the prevailing procedure. 

d. The contrast medium is introduced by 
the method prescribed for the given proce- 
dure. Regardless of what method of instilla- 
tion is used, this is often the most critical 
phase of the examination. The patient should 
therefore be reminded to make every effort 
to suppress any imrulse to cough. If he 
shows any signs of respiratory embarrass- 
ment, he should be instructed to take rapid, 
short breaths, or to pant. In addition, he 
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should be told not to swallow any of the con- 
trast medium. Every effort should be made to 
avoid suggesting symptoms to the patient. 


e. The X-ray room and the X-ray unit are 
prepared for fluoroscopy according to the 
instructions of -the radiologist. Everything 
must be in complete readiness, so that the 
technique may be set up in a minimum of 
time following the injection. Speed in obtain- 
ing the desired radiographs is essential for a 
satisfactory examination. 

f. The selective disposition of the injected 
contrast medium is carried out (usually un- 
der intervallic fluoroscopic control) accord- 
ing to the specific segments of the lungs to be 
studied. This is usually accomplished by pos- 
itioning the patient so that the lung area to 
be filled with the contrast medium is depend- 
ent in respect to the spatial relationship of 
the contrast substance (or the tip of the 
catheter, if used). The principal object of 
these maneuvers is to utilize the incidental 
influence of gravity. For example, the initial 
phase of the instillation procedure may be 
carried out in one of the following ways: 

(1) With the patient seated on the hori- 
zontal X-ray table, with feet dependent, and 
facing the radiologist. 

(2) With the patient placed on the side to 
be examined and facing the radiologist. | 

(3) With the patient standing in front of 
the upright fluoroscope. This method is limit- 
ed to the filling of the lower lobes and the 
right middle lobe. Positioning of the patient 
(figure 14-36) is usually accomplished by the 








Figure 14-36. Bronchographic Filling. A-F: 
LLL, LUL, Lingula, L Apical Seq., Left Post. 
Sup. Seq., Basal Bronchial Divisions. 
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cooperative efforts of the patient, the radiol- 
ogist, and the technologist. In some instanc- 
es, the X-ray table is tilted to obtain the de- 
sired degree of inclination. Spot films are 
usually taken at different intervals during 
this stage of the procedure. 


g. When fluoroscopy has been completed, 
the radiographic projections are accom- 
plished. These include the standard radi- 
ographs for the chest, that is PA, RAO, LAO, 
and both laterals. Since one side is usually 
examined at a time, the radiographs taken 
will depend on which side is being studied. 
Generally when the left lung is filled, the fol- 
lowing radiographs are made with the pa- 
tient in the upright position: 


(1) PA (figure 14-37). 
(2) Right anterior oblique (figure 14-38). 
(3) Left lateral (figure 14-39). 

h. Then, if filling of the right side is car- 
ried out, the following additional radi- 
ographs are usually taken: 

(1) PA. 
(2) Left anterior oblique. 
(3) Right lateral. 

i. The radiographs can be taken at 72 
inches FFD either grid or nongrid or at a 40- 
inch FFD using the Bucky. This will vary 
depending on the radiologist’s preference. 

j. The PA projection demonstrates almost 
all branches of the bronchial tree on the side 
being examined. However, the superior por- 
tion of the lower lobe of either side is ob- 
scured by the main bronchus. 





v1 


Figure 14-37. Bronochogram (PA). 
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Figure 14-38. Bronchogram (RAO). 





Figure 14-39. Bronchogram (L-Lat.). 
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k. In the oblique, those branches which 
are obscured on the PA are visualized. All 
other branches, except those in the posterior 
segments of the upper lobe, are again demon- 
strated from another angle. As stated ear- 
lier, the RAO demonstrates the left lung and 
the LAO the right lung. 

l. The lateral projection provides visual}- 
zation of all branches of the side being exam- 
ined except for those in the apical portion. 


14-29. Technical Considerations, Variations, 
and Precautions: 

a. Kilovoltage. In some cases, an increase of 
about 10 percent over the kVp values normally 
used in routine chest radiography may be desired 
for the exposure of bronchograms. 

b. Stereoradiography. Stereobronchograms 
are usually made with PA projections. In the 
event of successive filling and radiography of the 
separate sides of the bronchial tree, three alter- 
natives may arise. A stereoradiograph may be 
made after: 

(1) One side of the bronchial tree has been 
filled with the contrast medium. 

(2) Both sides of the bronchial tree have 
been filled with the contrast medium. 

(3) One side of the bronchial tree has been 
ae and another after both sides have been 

led. 

ce. Grid Technique. The use of grid technique 
should be considered, especially when the pa- 
tient is above average in size, or when a shorter 
scale of contrast 1s desired. When grid technique 
is used, the exposure compensation should be by 
an appropriate increase in kVp rather than by 
adjustments of the mA or exposure time. 

d. Variations: 

(1) The incidental radiography may be car- 
ried out with the patient in the horizontal posi- 
tion; or partly in the horizontal and partly in the 
upright position. 

(2) The introduction of the contrast medium 
into the bronchial tree may be accomplished on 
one side only; on both sides, but only one side at 
a time; or on both sides simultaneously. 

e. Precautions: 

(1) Because light anesthesia permits rapid 
recovery of reflexes with consequent coughing 
and gagging, radiography must be done as quick- 
ly as possible, without in any way rushing the 
patient. 

(2) When the patient is instructed to take a 
deep breath and hold it during exposure, the 
technologist should make the exposure without 
delay. If the patient is unable to restrain the 
cough reflex, the technologist should instruct 
him to take shallow, short, rapid breaths, and not 
to swallow. An emesis basin, info which the pa- 
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tient can expectorate, along with cleansing tis- 
sues, should be kept handy. 


14-30. Aftercare of Patient. After the exami- 
nation is complete, the patient is returned to 
the ward and kept NPO for 3 to 4 hours or 
until the anesthesia has lost its effect. This 
is accomplished to prevent choking or even 
suffocation due to the effects of the anesthe- 
sia on the swallowing mechanism as well as 
the cough and gag reflex. The physician may 
direct that the patient undergo postural 
drainage to remove as much of the contrast 
medium as possible. This means that the pa- 
tient is placed in positions which are the re- 
verse of those used to fill the bronchi, there- 
by causing the medium to flow outward. Dur- 
ing this period the patient should be in- 
structed to cough gently as forcible cough- 
ing could push the medium into the alveolar 
sacs. 


SECTION D—THE VASCULAR SYSTEM 


14-31. Introduction: 

a. Angiography (or vasography) is the 
radiographic investigation and study of the 
blood channels in selected portions of the 
circulatory system after injection of a radio- 
paque contrast medium to render them visi- 
ble. There are three basic divisions of an- 
giography: 

(1) Arteriography—the radiographic 
examination of the arteries during injection 
of a radiopaque contrast medium. 

(2) Venography (or phlebography)—the 
radiographic examination of the veins dur- 
ing the injection of a contrast medium. Ven- 
ography may be done in one of two ways. In 
direct venography, the contrast medium is 
injected directly into the lumen of the veins 
and radiographs are exposed the instant a 
given portion of the venous system is filled 
with the contrast medium. In indirect venog- 
raphy, the contrast medium is introduced 
into a selected portion of the arterial system 
and radiography of the analogously related 
venous channels is done at the time the con- 
trast medium is passing through the veins on 
its return flow. 

(3) Capillariography—the radiographic 
examination of the capillaries after they 
have been filled with a contrast medium (ne- 
phrography is a form of capillariography). 

b. The terms below apply to specific types 
of angiographic examinations: 

(1) Angiocardiography—the radi- 
ographic examination of the heart and great 
vessels of the thorax during the venous 
injection of an opaque contrast medium. 
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(2) Aortography—the radiographic 
examination of the aorta after injection of a 
contrast medium. 

(3) Cardiac Catheterization—a _proce- 
dure wherein a catheter is introduced into 
the heart via selected blood vessels under 
fluoroscopic and radiographic control to 
obtain samples of blood from the various 
chambers of the heart for determination of 
the cardiac output. 

(4) Selective Catheterization or Direct 
Angiocardiography—a procedure wherein a 
contrast solution is Introduced directly into 
specific chambers of the heart or particular 
blood channels, via a catheter in vivo, and 
the structures are X-rayed during radiopaci- 
fication. 

(5) Cerebral Arteriography (arterial 
encephalography or cerebral angiography) 
—the radiographic visualization and study 
of the intracranial arterial channels during 
induced radiopacification. 

(6) Intra-osseous Venography—a _ spe- 
cial procedure for the radiographic investi- 
gation of selected venous pathways during 
radiopacification following the introduction 
of a contrast medium via the intramedullary 
or intraspongious route. 

(7) Portal Venography—the _ radi- 
ographic examination of the venous circula- 
tion in the liver during induced radiopacifi- 
cation. 

(8) Splenoportography—the radi- 
ographic examination of the venous circula- 
tion in the spleen and related blood channels 
during induced radiopacification. 


14-32. Basic Considerations: 


a. General. The radiologic technologist 
must have an integrated concept of the es- 
sential elements and procedural mechanics 
common to the most frequent angiographic 
examinations. The importance of this cannot 
be overemphasized, since the technologist 
will often be required to work with an exam- 
iner who Is not a radiologist. Only the basic 
elements of the techniques in the different 
procedures are described; all of these proce- 
dures are subject to variation since each 
patient undergoing an angiographic exami- 
nation 1s regarded as a special case. (NOTE: 
To broaden his knowledge the technologist 
should refer to pertinent texts and profes- 
sional journals dealing with angiography.) 

b. Scheduling. Except in emergency, all 
angiographic examinations are scheduled in 
accordance with the established clinical pro- 
cedure. 
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c. Patient Preparation: 

(1) Premedication. Premedication of the 
patient will depend upon clinical dictates. 

(2) Control of Eating and Drinking 
Prior to the Examination. This is governed 
largely by the type of examination and the 
judgment of the examiner. 

(3) Administration of Sensitivity 
Test(s). A sensitivity test(s) is accomplished 
to determine any possible reaction to iodide 
compounds. This is done by the examiner or 
by a designated individual under his direct 
supervision. 

(4) Anesthesia. Local anesthesia is 
usually administered by the examiner. If 
general anesthesia has been administered, 
the patient will be unable to control his res- 
piration or cooperate in assuming or main- 
taining certain positions. 

(5) Preparation of Site Intended for 
Injection. The injection site is prepared by 
the examiner or by a designated individual 
under his direct supervision, usually just 
prior to making the injection. 

(6) Administration of Test for Calcula- 
tion of Circulation Time. When indicated, the 
circulation time, from the point of injection 
to each side of the heart, is tested. The exact 
time at which the radiographic exposures 
are to be made after the beginning of the 
injection of the contrast medium is then cal- 
culated from the results of this test. The 
technologist is often required to assist in 
circulation-time tests by timing the proce- 
dure with the aid of a stopwatch. 

d. Solutions: 

(1) The principal solution is the con- 
trast producing agent. Usually, this consists 
of one of the sterile aqueous solutions of 60 
or 76 percent meglumine diatrizoate or io- 
thalmate. The choice of an intravascular 
contrast agent depends on its opacity, vis- 
cosity, lack of toxicity, and expense. The 
substitution of meglumine (methylglucam- 
ine) for most or all the sodium of the earlier 
tri-iodized contrast compounds has resulted 
in greater patient comfort and less induced 
localized and systemic absorption. The con- 
trast solution must be clear of sediment, 
sterile, and, unless otherwise specified, main- 
tained at body temperature prior to exami- 
nation. In some instances, the technologist 
may be required to fill the syringe(s) with the 
contrast solution. It is imperative that he 
use sterile technique and make certain that 
the right solution goes into the right syringe 
—these two things are of vital importance. 

(2) Other solutions may include: 

(a) Physiologic salt (0.9 percent) solu- 
tion (q.s.). 
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(b) Procaine hydrochloride (2 percent 
solution). 

(c) Epinephrine hydrochloride (1: 1000 
solution). 

(d) Antiseptic solution. 

(e) Glucose in normal saline solution 
(5 percent). 

(f) Alcohol. 

(¢) Ether, U.S.P. (customarily used to 
test the circulation time of the right heart). 

(h) Other drugs used for circulation 
tests are: 

1. Sodium 
aqueous solution. 

2. Sodium dehydrocholate injection, 
N.F., 20 percent aqueous solution (Decholin). 

3. Solution of saccharin—2.5 gm of 
soluble saccharin dissolved in 2.5 cc of ster- 
ile distilled water. 

4. Calcium gluconate solution. 

e. Materials and Apparatus. These items 
are frequently made up into special sets or 
layouts for specific procedures (for example, 
angiocardiography, venography of the lower 
extremities, cardiac catheterization). Repre- 
sentative items in this category may include 
any of the following: 

(1) Syringes: 

(a) Luer-Lok type—number and sizes 
as required. 

(b) 5-ec 
quired. 

(c) 1-eec syringes, graduated in one- 
hundredth of a cce—number as needed 

(2) Needles: 

(a) Needle-stopcock unit—type suited 
to the particular requirements or the prefer- 
ence of the examiner (for example, Robb- 
Steinberg type). 

(b) Needles of the particular gauge, 
length, or design required for the transfer of 
the contrast solution—number as required. 

(c) Hypodermic needles—number as 
required. 

(3) Medicine glasses, sterile—number as 
required for solutions, et cetera. 

(4) Forceps, sterile—type(s), size(s), and 
number as required. 

(5) Scalpel or knife, sterile—handle and 
blade(s) of type required. 

(6) Towels and drapes, sterile—number 
and size(s) as required. 

(7) Packs containing sterile gloves or 
gowns—number as required. 

(8) Gauze squares, sterile—type, size, 
and number as required. 


cyanide, 2 _ percent 


syringes—number as_ re- 


(9) Tourniquet, adhesive tape. band- 
ages. (NOTE: The Noray technoiciiat IS €X- 
pected to provide a izable er an instrument 


stand on which the levout can be arranged.) 
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f. Special Angiographic Equipment: 
(1) Needles. There are many styles of 
needles employed for angiography. Some are 
listed and described below: 


(a) The venopuncture needle has the 
sharpest bevel of the needles employed. It is 
very satisfactory for percutaneous vein 
puncture; however, its sharpness is a disad- 
vantage with arterial puncture, because of 
the possibility of wall damage and even 
transection of an entire vessel. 

(b) The arteriographic needle such as 
the Seldinger style type has a protruding 
obturator with a low profile bevel and cen- 
tral stylet. It is designed to be inserted when 
assembled. Most modern arteriographic nee- 
dles have a blunt tip with a sharp protruding 
obturator and matching protruding blunt 
obturator. The advantage of this needle is 
that the lumen of a vessel can be identified 
by the flow of arterial blood once the central 
stylet is removed. The blunt obturator can 
then be reinserted restricting the flow of 
blood. 

(c) Sheath needles are a variation on 
the arteriographic design with a flexible 
plastic sheath fitted over the needle slightly 
shorter than the bevel. Once the lumen is 
encountered after insertion, the needle is 
withdrawn, and the sheath remains and can 
be threaded into the vessel. The needle 
should not be reinserted into the sheath ex- 
cept under direct vision, as the needle can 
cut the plastic sheath. 


(2) Catheters. If a catheter is to be in- 
troduced, the decision as to what type will be 
made by the examiner. The first cardiac cath- 
eters were an adaptation of ureteral cath- 
eters. A relatively thin-walled, more supple 
design was forthcoming. There are many 
different types and shapes of catheters. The 
barium loaded polyethylene catheter, which 
is ductile and malleable in 75°C water, steam, 
or air, allows the operator to readily forma 
tip design and catheter shape and change 
design to fit the anatomic circumstances. 
Factory preformed catheters are available 
in sterile disposable form. This type of cath- 
eter will perform ninety percent of clinical 
angiographic studies. Table 14-1 shows 
characteristics of some of the available 
catheter materials. 


(3) Injection Apparatus. Either an auto- 
matic or a manually operated injection appa- 
ratus may be used. The automatic type can 
be adjusted to control the rate of injection 
and automatically initiate the exposure at a 
predetermined time after the commencement 
of the Injection. 
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Table 14-1. Characteristics of Some Catheter Materials. 


oo a 


Resistance to bursting 
nressure Moderate Moderate High High 


Effect of temperature 
and moisture of the 
blood on flexibility 








Minimal 
Increase 


g. Radiographic Equipment: 

(1) Type of Equipment Used for Direct 
Radiography: 

(a) Stationary (combination radi- 
ographic-fluoroscopic or nonfluoroscopic) or 
mobile conventional X-ray unit. 

(b) Single-tube setup hooked up witha 
rapid cassette-changing device for serialized 
exposures. 

(c) Two-tube setup with simultaneous 
biplane exposure apparatus hooked up with 
a rapid cassette-changing device. 

(d) Two-tube setup equipped with 
apparatus for making rapid-sequence, bi- 
plane and synchronized exposures on large 
roll film. 

(2) Type of Equipment Used for Indirect 
Radiography or Photofluorography. For this 
method the X-ray unit is equipped with a cine 
camera (cine radiography) or a special mini- 
ature camera. When equipped with cine, an 
image intensification device is used. 

(3) Capacity. This factor is of prime 
importance in angiography, especially when 
it is necessary to accomplish rapid-sequence 
exposures of very short duration (1/30 sec or 
less) and relatively high energy levels. Tube 
and generator capacities from 300 to 1200 
mA are commonly used in angiocardio- 
graphic examinations. When relatively high 
milliamperage values are used, careful con- 
siderations must be given to the appropriate 
tube-rating chart. For example, if the tube- 
rating chart stipulates an upper limit of 1/10 
sec exposure time at 500 mA 100 kVp, this 










Polyurethane 

Encapsulated 
on Metal 
Braid 










Moderate 
Increase None None 


would permit six exposures (in rapid se- 
quence) at 1/60 sec, or three such exposures 
at 1/30 sec. This means that the sum of any 
serialized increments of exposure time (in 
rapid sequence) is not to exceed the safe lim- 
its stipulated in the tube-rating chart for 
the given mA-kVp value. Where it is not fea- 
sible to use the upper range of mA values, 
the lower mA values, with compensatory in- 
crease in kVp, may be resorted to. 
(4) Accessory Devices: 

(a) Stereoscopic cassette changers or 
cassette-changing tunnels. 

(b) Potter-Bucky diaphragm mounted 
on a movable stand which can be adjusted. 

(c) Grid-front cassettes. These items 
are sometimes used in connection with ster- 
eoscopic cassette changers or cassette- 
changing tunnels. 

(d) Protective devices that are espe- 
cially designed for, or easily adaptable to, 
the particular needs of the given situation; 
for example, leaded shields, lead-impregnat- 
ed gloves and aprons, diaphragms, cones. 
These items are required for the protection 
of all personnel against direct or stray ra- 
diation. 

(e) Special timing and sequencing de- 
vice (or program selector). This may consist 
of a thyratronic rapid-recovering timing 
unit or a timing unit which embodies a type 
of high-voltage switch, tube, and condenser 
arrangement. These devices are used for 
making exposures of 1/1000 to 1/500 sec in 
rapid sequence at predetermined intervals. 
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They are especially suited for serialized 
studies showing the progressive phases of 
the transport of the opacifying agent 
through specific portions of the vascular 
system (for example, the various chambers 
of the heart or the great vessels). 

(f) Immobilization and 
devices: 

1. Immobilization bands or straps. 

2. Clamp-type immobilization appa- 
ratus. 

3. Sand-filled or shot-filled bags. 

4. Towels, folded into shape and size 
required. CAUTION: When placed in the 
path of the image-forming X-ray beam, the 
towels must be free of radiopaque substance. 

5. Stools, adjustable type. 

6. Foot and shoulder rests. 

h. Position of Patient: 

(1) Position of Patient During Injection 
of the Contrast Medium: 

(a) The position is determined by the 
examiner, and will be influenced by the na- 
ture or type of examination, the condition of 
the patient, the preferred methodology of 
the examiner, the nature and extent of any 
existent or suspected pathology and/or 
anomaly, and the degree of adaptability of 
the available equipment. 

(b) Before starting the procedure, the 
examiner tells the technologist whether the 
patient is to be placed in the supine, prone, 
sitting, standing, or lateral (right or left) 
decubitus position for the injection. Strict 
attention on the part of the technologist 
concerning this point cannot be over- 
stressed. The technique is exacting and de- 
mands perfect coordination and timing; fol- 
lowing the injection there is only a very 
short interval in which to maneuver the nec- 
essary equipment into place, adjust controls, 
and, if necessary, change the position of the 
patient or part for the exposure ((2) below). 

(c) In some instances, angiographic 
examinations have to be conducted without a 
preplanned or set routine; the technologist 
must be constantly on the alert as the exam- 
Iner will give impromptu or “on-the-spot” 
directions. 

(2) Position of the Patient During Expo- 
sure of Angiograms. The examiner may have 
the patient remain positioned as for the 
injection procedure; or he may have him 
placed in a different position for the radio- 
graphy. 

i. Site of Injection: 

(1) The site of injection is selected by the 
examiner, and will depend upon such factors 
as the specific portion ot the blood channeis 
under examination, the existent or suspected 


supportive 
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pathology, the type of procedure, and the 
preference of the examiner. 

(2) If possible, the position of the pa- 
tient should be oriented so that the site of 
Injection will be opposite the working side of 
the table. 

(3) If the venous channels of an extremi- 
ty are injected, the position of the film, with 
respect to the part, should be adjusted so 
that maximal coverage will be obtained of 
those structures which lie proximal to the 
injection site; with arterial injection, the film 
must be positioned to obtain the desired cov- 
erage of those structures which lie distal to 
the injection site. 

j. Method of Injection. Determined by the 
examiner, the injection may be by the percu- 
taneous method; or by the insertion of a nee- 
dle, cannula, or catheter into a selected blood 
vessel after surgical exposure and under 
local or general anesthesia. If a special 
Injection apparatus is used, the technologist 
should anticipate moving the apparatus into 
position, checking out the electrical connec- 
tions, disassembling and cleaning the appa- 
ratus after usage, and similar tasks. 

k. Rate of Injection. Since time is an all- 
important factor, the rate of injection ties in 
with the need for working out in advance 
signals or cues for making the desired expo- 
sures at the optimal instant(s). For example, 
when a relatively large amount of contrast 
solution (usually of a heavy concentration) 
is rapidly injected into the aorta, a delay of 
even 1 second in making the exposure may 
render the projection valueless. 

l. Use of Tourniquet. A tourniquet is used 
by many examiners, especially in examina- 
tions of the extremities, to force the contrast 
agent into the deeper blood channels. The 
technologist must be very careful while ad- 
justing the position of the patient or ex- 
changing cassettes for serialized exposures 
to make sure that he does not disturb the 
tension of the applied tourniquet or cause it 
to snap loose. (NOTE: In some instances an 
inflatable cuff may be used in lieu of the cus- 
tomary rubber tubing.) 

m. Projections. The projections to be tak- 
en for any specific examination are deter- 
mined by the examiner, usually at the time 
the examination is begun. It is necessary for 
the technologist to know: 

(1) What projections are to be made (for 
example, AP, lateral, oblique). 

(2) What area or areas are to be includ- 
ed in given projections. 

(3) Number of films to be exposed per 
projection and the time interval between 
exposures. 


— + 
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(4) How the patient is to be positioned 
for stereoscopic exposures, if indicated. 

n. Size of Film. In selecting the size of film, 
the following factors must be considered: 

(1) The particular region to be radi- 
ographed and the extent of coverage desired. 

(2) The size of the patient. In an angio- 
cardiographic examination, for example, an 
8 X 10 inch film may suffice for an infant, but 
a large film (usually 14 X 17 inch) would be 
required for an adult. 

o. The CR. If, in a given situation, the sub- 
ject to be radiographed is placed in a speci- 
fied position with the objective of accom- 
plishing a certain radiograph, then the 
projection can be made only according to the 
following CR relationships: 

(1) With the CR directed from a vertical 
relationship. 

(2) With the CR directed from a horizon- 
tal relationship. 


Assume, for example, that the patient is in 
the supine position on the X-ray table and it 
is desired to obtain AP and lateral projec- 
tions of the leg, with the position of the pa- 
tient and the part remaining unchanged 
throughout the procedure. This necessitates 
the use of two types of CR projections: a ver- 
tical CR projection for the AP and a horizon- 
tal CR projection for the lateral. But if the 
patient is in the standing (fixed) position and 
the same projections (AP and lateral) are 
required, then a horizontal CR projection 
must be used in each case. In circumstances 
requiring the use of both the vertical and the 
horizontal CR projection (as may be the case 
in certain angiographic examinations of the 
leg), a mobile X-ray unit may be used in addi- 
tion to the conventional X-ray unit. 
p. Radiographic Exposure Factors: 

(1) As a general rule, the exposure tech- 
nique for angiographic examinations will 
require an increase of about 10 percent over 
the kVp values normally used for compara- 
ble radiographs in routine radiography. The 
mAs values should be adjusted to produce 
the desired film density. The shortest prac- 
ticable exposure times should be used. 

(2) The exposure technique is vital to 
the success of the examination. Nothing 
must be taken for granted: if there is the 
slightest doubt regarding the technique fac- 
tors (for instance, if the patient is above or 
below average in size), a test or control film 
should be exposed and developed prior to the 
injection of the contrast medium. In this 
connection, it 18 extremely inportant that 
the technologist have a sound working 
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knowledge of conversion factors—for exam- 
ple, the factors dealing with changes from 
non-grid to grid technique or vice-versa, 
compensating for changes in FFD or mAs- 
kVp relationships. 


14-33. Angiographic Examination of the 


Upper Extremities: 


a. Arteriography: 

(1) Patient Preparation and Adminis- 
tration of Sensitivity Test. Refer to para- 
graph 14-32c. 

(2) Preliminary Procedure: 

(a) After ascertaining whether the 
right or the left extremity is to be examined, 
the technologist will adjust the patient in the 
supine position on the X-ray table, with the 
arm abducted and supinated. 

(b) A 14 X 17 inch cassette is adjusted 
underneath the outstretched and supinated 
arm, and the tube is centered over the site of 
interest. In addition to the regular identifi- 
cation data, number markers are used to des- 
ignate the sequence of exposures. 

(c) A sphygmomanometer cuff is 
wrapped around the most proximal portion 
of the arm under examination. 

(d) The site of injection (usually in the 
region of the lacertus fibrosis) is rendered 
aseptic and from 1 to 2 cc of 0.5 percent pro- 
caine solution is injected into the skin and 
subcutaneous tissues over the brachial ar- 
tery. 

(e) From 10 to 15 ec of the contrast 
solution is warmed to body temperature and 
placed in the syringe. 

(3) Injection of Contrast Medium and 
Radiography: 

(a) The technologist selects the radi- 
ographic technique factors and adjusts the 
controls of the X-ray unit. Normally, routine 
(nongrid) factors for the part will suffice, but 
the exposure time should be as short as pos- 
sible. With everything in readiness, the tech- 
nologist assumes the “Ready” position so 
that the exposures can be made without de- 
lay when the examiner gives the signal, 
“Shoot.” 

(b) The sphygmomanometer cuff is 
quickly inflated above the systolic blood 
pressure by the examiner or an assistant, 
and then the contrast solution is injected 
into the brachial artery. The needle is quick- - 
ly withdrawn, and the first exposure is made 
when the examiner gives the signal “Shoot” 
or “Now.” The patient should have been in- 
structed beforehand to remain absolutely 
motionless at the time the exposure is being 
made. 
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(c) The examiner will now first deflate 
the sphygmomanometer cuff below the dia- 
stolic blood pressure for a period of approxi- 
mately 1.5 to 3.5 seconds (or about 2 to 4 
pulse beats) and then execute rapid reinfla- 
tion of the cuff to the previous systolic blood 
pressure level. During this time the technolo- 
gist (or an assistant) must quickly change 
cassettes and be ready to make the second 
exposure when the examiner gives the signal. 

(d) For additional exposures, the pro- 
cedure described in (c) above is repeated. 

(e) An arteriogram showing the con- 
trast-filled arterial channels of the hand and 
wrist is shown in figure 14-40. 


(4) Variations: 

(a) When specific or localized areas of 
the extremity are the object of clinical inter- 
est (for example, a given region of the hand 
or forearm), pronation of the part may be 





Figure 14-40. Arteriogram Showing the Con- 
trast-Filled Arterial Channels 
of the Hand and Wrist. 
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indicated; lateral projections may also be 
included. 

(b) Rapid-sequence exposures may be 
made if the necessary apparatus is availa- 
ble. 

(c) A collateral result of arteriogra- 
phy is sometimes achieved by delaying the 
time of exposure to such length that the con- 
trast medium enters the analogously related 
venous channel on its return flow (indirect 
venography). 

(5) Precautions: 

(a) Since the examiner usually works 
in close proximity to the field of exposure, 
proper safeguards must be employed for his 
protection; for example, a leaded screen posi- 
tioned near the X-ray table will provide a 
relatively safe shelter during the time the 
films are being exposed. Collimation should 
be used to keep the field of irradiation within 
the necessary limits. 

(b) A technical difficulty frequently 
encountered is the mistiming of the exact 
instant of exposure. Perfectly coordinated 
teamwork is vitally important to the success 
of the examination. 


b. Venography: 

(1) Patient Preparation and Adminis- 
tration of Sensitivity Test. Refer to para- 
graph 14-32c. 

(2) Preliminary Procedure: 

(a) As soon as the patient is received 
at the X-ray clinic, the technologist will as- 
certain from the examiner the site of injec- 
tion and the particular portion of the ex- 
tremity to be examined. 

(b) The patient is adjusted in the sup- 
ine position on the X-ray table, with the arm 
abducted and supinated. 

(c) If the examination is localized to 
any specified region lying distal to the proxi- 
mal third of the arm, a 14 X 17 inch cassette 
is placed underneath the extremity (for non- 
grid technique) and adjusted so that the 
greater portion of the cassette surface is 
mostly proximal in relation to the injection 
site. 

(d) If the object of the examination is 
to demonstrate the venous channels in the 
upper portion of the arm, axillary, shoulder 
girdle, or upper thoracic regions, then the 
position of the patient should be adjusted in 
relation to the midline of the X-ray table so 
that the desired coverage will be obtained. In 
this case Bucky-technique is used. Identifi- 
cation markers are preferably placed on the 
tabletop. 

(e) The site of injection is rendered 
aseptic and local anesthesia is administered. 


y 
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(f) The injection needle is then insert- 
ed into a vein (for example, the antecubital 
vein or the basilic vein). 

(3) Injection of Contrast Medium and 
Radiography: 

(a) From 20 to 40 ce of the contrast 
solution, similar to that used for arteriogra- 
phy, is injected at a rate of from 5 to 20 cc 
per second. 

(b) When given the signal by the ex- 
aminer, the technologist makes the first ex- 
posure. The exact time at which this expo- 
sure is made may vary from the instant the 
injection is completed to 5 or more seconds 
afterwards. 

(c) Additional exposures are made 
according to the directions of the examiner. 

(d) A venogram showing the contrast- 
filled venous channels of the upper extremity 
and axillary regions is shown in figure 14-41. 

(4) Control of Respiration During Expo- 
sure of Films: 

(a) In some cases the patient may be 
instructed to suspend respiration while the 
exposure is being made; in other cases, he 
may be allowed to breathe naturally. 

(b) Under certain conditions special 
methods of respiration control may be em- 
ployed. For example, the patient may be in- 
structed to inhale against the closed glottis 
(Muller’s Maneuver) or to execute forced 
expiration against the closed glottis (Valsal- 





~- 
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Figure 14-41. Venogram Showing the Con- 
trast-Filled Venous Channels 
in the Upper Extremity and 
Axillary Regions. 
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va’s Maneuver) while the exposure is being 
made. 

(5) Radiographic Technique Factors. 
Technique factors are usually the same as 
those for routine radiography of the bony 
structures which lie in the same regional 
aspect as the blood channels under examina- 
tion. 


14-34. Angiographic Examination of the 
Lower Extremities: 
a. Arteriography: 

(1) Patient Preparation and Adminis- 
tration of Sensitivity Test. Refer to para- 
graph 14-32c. 

(2) Preliminary Procedure: 

(a) As soon as the patient is received 
at the X-ray clinic, the technologist will as- 
certain from the examiner the area(s) of the 
extremity to be examined. If the examination 
is concerned with any part lying distal to the 
region of the knee, then nongrid technique is 
normally employed. Bucky technique may be 
indicated when the arterial channels in the 
thigh region (exclusively) or in the leg and 
thigh regions are to be examined. With the 
latter, it is possible to obtain simultaneous 
coverage of both the leg and thigh portions 
with a single exposure, by using several cas- 
settes (placed end-to-end with their adjacent 
edges overlapping); or by the use of a special 
36-inch length cassette adjusted underneath 
the part. When full-length coverage is re- 
quired, it may be necessary to increase the 
normal FFD to accommodate the area of in- 
terest to the exposing X-ray beam. To equal- 
ize the exposure between the thinner region 
of the leg and the thicker region of the thigh, 
the X-ray tube should be positioned with the 
cathode end toward the thigh; the use of a 
eae filter should also be consid- 
ered. 

(b) The patient is assisted onto the X- 
ray table, and the lower extremity under 
consideration is adjusted in the AP position. 
A 14 X 17 inch cassette is placed beneath the 
extremity and centered to the region to be 
examined if nongrid technique is used. With 
grid technique, the cassette is placed in a 
Bucky tray and the part or area under con- 
sideration is aligned to the midline of the X- 
ray table. 

(3) Injection of Contrast Medium and 
Radiography: 

(a) After the administration of local 
anesthesia, the examiner inserts the injec- 
tion needle into the lumen of the common 
femoral artery, just distal to the inguinal 
(Poupart’s) ligament. 
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(b) Approximately 30 cc of the con- 
trast solution is put in the syringe. The ex- 
aminer gives the “Ready” signal and then 
rapidly injects the contrast solution. At the 
same time the examiner (or an assistant) 
applies manual or mechanical pressure on 
the femoral artery proximal to the injection 
site. 

(c) At the instant the injection is com- 
pleted, the examiner signals the technologist 
to make the first exposure. Immediately fol- 
lowing exposure of the first film, the technol- 
ogist (or an assistant) will quickly change 
cassettes. 

(d) Pressure on the femoral artery is 
now removed, and the examiner signals the 
technologists to make the second exposure. 

(e) Additional exposures are made 
according to the examiner’s instructions; for 
example, lateral and oblique. When it is un- 
desirable to change the position of the pa- 
tient, it may be necessary to use an extra 
machine, such as a mobile unit, for the later- 
al projections with the use of a horizontal 


(f) An arteriogram showing the ar- 
terial channels in the foot and ankle regions 
after opacification with a contrast medium is 
shown in figure 14-42. 


(4) Radiographic Exposure Factors. 


Refer to paragraph 14-32p. 


b. Venography: 
(1) Patient Preparation and Adminis- 
tration of Sensitivity Test. Refer to para- 
graph 14-32c. 





Demonstrating 


Figure 14-42. Arteriogram 
the Arterial Channels in the 
Foot and Ankle Regions. 
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(2) Preliminary Procedure: 

(a) As soon as the patient is received 
in the X-ray clinic, the technologist will as- 
certain from the examiner the area(s) of the 
extremity to be examined. 

(b) For venography in the horizontal 
position, the patient is assisted onto the X- 
ray table and adjusted in the supine position. 
The lower extremity to be studied is aligned 
to the midline of the X-ray table if a Potter- 
Bucky diaphragm is to be used. For nongrid 
technique, the region of interest is adjusted 
over a suitable film-changing tunnel. For 
single-exposure, simultaneous coverage of 
the leg and thigh portions of the lower ex- 
tremity, see a(2) (a) above. 

(c) For venography in the erect or the 
semierect position, the patient stands (fac- 
ing the X-ray tube) on a foot rest which has 
been fastened to the X-ray table. The X-ray 
table is tilted 65 to 80 degrees from the hori- 
zontal. The foot rest should be adjusted to a 
high enough elevation to permit the examin- 
er to have reasonably easy access to the 
working site. An immobilization band should 
be placed over the patient’s chest, just be- 
neath the armpits, to provide support. The 
part to be examined is aligned to the midline 
of the table panel. A 14 X 17 inch cassette is 
placed in the Bucky tray, and the X-ray tube 
is positioned for a horizontal projection. 

(d) An infusion set for saline solution 
should be placed in a location that is safe 
and reasonably convenient to the part under 
examination. 

(e) The site of injection is rendered 
aseptic and local anesthesia is administered. 

(83) Injection of Contrast Medium and 
Radiography: 

(a) Injection may be by the percuta- 
neous method, or by “cutting down” and sur- 
gically exposing a vein. The site of injection 
may be in either the retromalleolar region or 
the dorsum of the foot. 

(b) After the injection needle (usually 
connected to a length of plastic tubing and 
an adapter) has been inserted in the vein, it 
is secured in position by adhesive tape. 

(c) When indicated, venoclysis with 
normal saline solution is initiated. In some 
instances, venoclysis is done on both extrem- 
ities. 

(d) Arubber-like tourniquet is applied 
around the ankle and tightened to impede the 
circulation in the superficial venous system. 

(e) From 20 to 40 cc of a contrast solu- 
tion is injected at a rate varying from 1 to 5 
ec per second. 

(f) The examiner signals the technolo- 
gist when the first exposure is to be made— 
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anywhere from 5 seconds (or less) to more 
than 120 seconds following the injection. 

(g) Venograms of the leg are shown in 
figure 14-43. 

(4) Variations. There are numerous 
methods for venography of the lower extrem- 
ities . Certain variations frequently resorted 
to are: 

(a) Stereoradiography. Since’ the 
transport of the injected contrast material 
in the venous channels is relatively slow, 
stereoscopic projections are practical. Ster- 
eoscopy, however, requires the use of a suit- 
able film-changing tunnel or the Bucky tech- 
nique. The tube-shift should be made in a 
crosswise direction in relation to the long 
axis of the part under consideration. 

(b) Projections. Because of superim- 
position of the tibia and fibula with certain 
venous channels, oblique projections (made 
with the leg rotated either internally or ex- 
ternally as directed by the examiner) or lat- 
erals may be especially indicated. 

(c) Coverage. In certain cases the first 
exposure is made to demonstrate the most 
distal portion of the extremity; subsequent 
exposures are made with each cassette posi- 
tioned progressively nearer the regions 
which lie proximally. Since the timing of 
these exposures, and the order in which they 
are made, is an extremely important factor, 
the technorogist must carry out the instruc- 
tions of the examiner with utmost exactness. 


(d) Proximal Injection Method. The 
principal object of this method is to intro- 
duce the contrast medium into the proximal 
portion of the venous system of the lower 
extremity. The injection may be done in one 
of several ways. For example, the contrast 
solution is injected into either the median 
superficial or the lateral superficial vein of 
the penis in the case of the male patient; or 
into the superficial circumflex iliac vein in 
the case of the female patient. The solution 
may also be introduced by direct-needle 
injection of the femoral vein in the region 
just below the crease of the groin; or by the 
insertion of a catheter into the saphenous 
vein, in the region of the fossa ovalis, after 
the vein has been surgically exposed. In 
practically every case, the patient is adjust- 
ed in the erect or the semierect position on 
the tilted X-ray table, and facing the tube. 
The reason this position is used is to allow 
the injected contrast medium to gravitate 
into the dependent veins, in retrograde fash- 
ion, to the level of competent venous valves. 
Exposures of the pelvic and upper thigh re- 
gions are made immediately after the com- 


1 August 1974 14-45 


pletion of the injection, and thereafter as 
indicated by the examiner. 

(5) Radiographic Technique Factors. 
Refer to paragraph 14-32p. 


14-35. Angiocardiography: 

a. Patient Preparation and Administra- 
tion of Sensitivity Test. Refer to paragraph 
14-32c. 

b. Preliminary Procedure: 

(1) An angiocardiographic layout and 
the necessary solutions are prepared. 

(2) Preexamination or control films are 
made and developed to establish the proper 
technique factors and to permit the examin- 
er to select the most favorable position. 
These films are made as soon as the patient 
arrives at the X-ray clinic. 

(3) The patient is positioned over an 
automatic film changer (figure 14-44). 

(4) The site of injection is rendered asep- 
tic, and then local anesthesia is adminis- 
tered.. 

(5) A tourniquet is applied around the 
upper region of the patient’s arm. Then, a 
suitable injection needle (for example, Robb- 
Steinberg, 12 to 15 gauge) is inserted into 
the antecubital vein, either percutaneously 
or after surgical exposure of the vein. Fol- 
lowing this, the tourniquet is removed. In 
some instances, however, a special type of 
catheter is used for introducing the contrast 





Figure 14-43. Venograms of the Leg. 
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medium. The catheter may be inserted into 
the external jugular vein and advanced into 
the heart; or it may be introduced into the 
greater saphenous vein and advanced 
through the femoral and iliac veins into the 
vena cava. 

(6) In the absence of rapid-sequence, 
serializing-recording apparatus, it may be 
necessary to perform circulation-time-tests, 
to ascertain the relationship of the time in- 
terval between the commencement of the 
injection of the contrast medium and the 
occurrence of opacification of specific blood 
channels. A substance such as ether, sodium 
dehydrocholate (Decholin), sodium cyanide, 
fluorescein, or calcium gluconate is injected 
into the vein, and specific reactions (for 
example, bitter taste, odor of breath, yel- 
lowish coloration of the lips) manifested by 
the patient are noted and timed by a stop- 
watch. This provides a reliable means for 
predicting when maximum opacification of 
specific blood channels will occur and, there- 
fore, when the exposures should be made. 
(NOTE: In case fluorescein is to be used, the 
technologist must take the necessary steps 
to darken the X-ray room and see that a 
Wood’s lamp is on hand so that the fluores- 
cent coloration of the patient’s lips can be 
detected the moment it occurs.) 

(7) When indicated, the examiner, the 
patient, and the technologist (including any 
assistants) will rehearse the critical aspects 
of the injection procedure. 

c. Positioning the Patient. The patient is 
usually placed in the horizontal position, 
either prone or supine. If he is obliqued and 





Figure 14-44. Position of Patient and Exam- 
iner Preparatory to Injecting 
the Contrast Medium for An- 
giocardiography. 
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supporting material is used, the material 
must be free of any opaque substance. At the 
discretion of the examiner, the patient may 
be placed in the upright position. 

d. Projections. The projections to be made 
for angiocardiography are determined by 
the examiner and will depend upon the na- 
ture of the given case. Of concern to the tech- 
nologist is the exact order and specific time 
the required films are to be exposed; and in 
the case of the obliques, the degree of rota- 
tion. As a rule, when rapid-sequencing re- 
cording apparatus in combination with a 
biplane exposure setup is used, simultaneous 
AP and lateral projections only are made. 
Two angiocardiogram projections are shown 
in figures 14-45 and 14-46. 


e. Injection of Contrast Medium and Radi- 
ography: 

(1) When everything is in complete read- 
iness—all participants alerted, X-ray unit 
turned on, technique factors selected, and 
the tube anode actuated to “exposure-rota- 
tion” — the examiner draws about 10 to 15 ce 
of blood from the patient’s vein into the sy- 
ringe. 

(2) The examiner instructs the patient 
to suspend respiration at the end of exhala- 
tion. 

(3) Next, the patient is told to inspire 
rapidly and deeply and then to hold his 
breath. 

(4) Simultaneously with the inspiration, 
40 to 50 cc of the contrast solution is injected 
at a rate of about 25 to 35 cc per second. At 
the exact instant the injection is begun, the 
technologist starts thestopwatch. _ 





Figure 14-45. Angiocardiogram. | 
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Figure 14-46. Angiocardiogram. 


(5) With his eyes on the stopwatch and 
his hand on the exposure controls, the tech- 
nologist makes the first exposure at the pre- 
determined instant. 

(6) Additional exposures are made as 
ordered by the examiner. 

f. Radiographic Technique Factors: 

(1) For general considerations, refer to 
paragraph 14-32. 

(2) Special considerations 
given to the following: 

(a) Exposure Time. Due to the rela- 
tively rapid transport of the contrast medi- 
um in angiocardiography, the shortest prac- 
ticable exposure time should be used. Expo- 
sure time for the average adult patient 
should not exceed 1/15 sec; for a small child, 
it should not exceed 1/30 sec. Under average 
conditions, exposure times of 1/30 sec for the 
adult patient and 1/60 sec for the small child 
patient are usually adequate. When allowed 
a choice, it may be preferable to use expo- 
sure times shorter than those given above. 

(b) Kilovoltage-mAs. As compared to 
the kVp values for routine radiography of 
the chest of similar size and for comparable 
radiographs, an increase of about 15 percent 
is necessary for angiocardiography. When a 
grid is used, a tube tension of about 100 kVp 
is a sound starting value. The mAs values 
should be adjusted so as to obtain the desired 
density and contrast of the opacified struc- 
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tures, more or less, disregarding the pneu- 
matized lung fields. Whenever there is an 
element of doubt, it is better to favor overex- 
posure than to risk underexposure. 

(c) FFD. A FFD of 40 inches is gener- 
ally used with most serial film changers. 


14-36. Cardiac Catheterization: 

a. Patient Preparation and Administra- 
tion of Sensitivity Test. Refer to paragraph 
14-32c. 

b. Preliminary Procedure: 

(1) A combination radiographic-fluo- 
roscopic unit (and television if available) is 
put in operative order by the technologist. 
The table unit is adjusted in the horizontal 
position, and, when indicated, a soft synthet- 
ic rubber mattress is placed on the tabletop 
to insure the comfort of the patient. 

(2) When the patient arrives at the X- 
ray clinic he is placed on the X-ray table in 
the supine position, and sterile draped. 

(3) A cardiac catheterization layout is 
prepared. 

(4) The site of insertion (for example, 
antecubital fossa) is made aseptic, local an- 
esthesia is administered, and a selected vein 
is surgically exposed. A size 8 or 9 French 
ureteral-type catheter, 100 to 125 cm long, 
connected to a regular saline infusion set by 
a stopcock complex and adjusted for continu- 
ous saline perfusion, is inserted into the vein 
through the surgically induced opening. The 
fluoroscopic apparatus and spot-film assem- 
bly are moved into position over the pa- 
tient’s chest, adjusted to the required height, 
and locked in place. The technologist should 
make certain that the self-recording time . 
clock is in the fluoroscopic circuit and is set 
to accurately tally the total exposure. 

ec. Fluoroscopic and Spot-Film Procedure. 
The examiner advances the catheter into the 
initial position in the heart under fluoros- 
copic control. Samples of blood are aspirated 
into a syringe connected to the stopcock com- 
plex and transferred into special containers 
for laboratory analysis. Usually, spot films 
are exposed to record the catheter in the var- 
lous positions. The spot films are numbered 
to correspond to the numbered samples of 
blood. Figure 14-47 shows two films taken 
with a cardiac catheter in place. 

d. Selective Catheterization or Direct 
Angiocardiography: 

(1) Patient Preparation. Refer to para- 
graph 14-32c. 

(2) Procedure: 

(a) Immediately after completion of 
cardiac catheterization, the patient is posi- 
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Figure 14-47. AP and Lateral Projections Obtained During Cardiac Catheterization. 


‘tioned for exposure of the angiocardio- 
graphic films. ; 

(b) The stopcock complex is readjust- 
ed so that the contrast medium will flow from 
the previously filled syringe through the 
lumen of the catheter. Any equipment pre- 
viously used for cardiac catheterization and 
not needed for this procedure, will be discon- 
nected and moved out of the way. 

(c) Injection of the contrast medium 
and radiography are essentially the same as 
for intravenous angiocardiography with the 
exception that the exposure timing phase is 
somewhat more critical. However, this diffi- 
culty 1s usually overcome by the use of an 
automatic injection device and a serial film 
changer. 


14-37.. Abdominal Angiography: 
a. Aortography—Translumbar 

neous (Direct) Method (figure 14-48): 

(1) Patient Preparation and Adminis- 
tration of Sensitivity Test. Refer to para- 
graph 14-382c. 

(2) Preliminary Procedure: 

(a) A sterile layout consisting of the 

necessary instruments and materials is pre- 
pared. 


Percuta- 


(b) The X-ray table is adjusted in the 
horizontal position. 

(c) The patient is placed in the prone 
position on the X-ray table and an abdomi- 
nal film (14 X 17 inch) is exposed and immedi- 
ately developed. This film serves to check the 
adequacy of the preexamination preparation 
of the patient’s bowels, the most favorable 
centering of the film with respect to the area 
under examination, and the correctness of 
the technique factors. 

(d) If the vascular structures in the 


pelvic region are to be studied, the examiner 


may request that sphygmomanometer cuffs 
be adjusted around the proximal portion of 
both thighs and inflated to about 200 mm Hg 
(when designated). 

(e) The patient is anesthetized by the 


- Intravenous administration of sodium pento- 


thal. 

(f) The areain and around the injection 
site is made aseptic, and then sterile draped. 

(g) The skin, just below the 12th rib 
approximately 7 cmto the left of the spinous 
processes, is punctured with a relatively 
short thick needle. A special type of needle, 
15 em is length and fitted with a stilette, is 
then passed through the puncture hole and 
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directed toward a point just anterior to the 
body of the 12th thoracic vertebra. Upon 
approach of the needle point to the aortic 
wall, the stilette is removed, and the needle is 
then cautiously advanced until characteris- 
tic physical manifestations indicate entry of 
the needle in the lumen of the aorta. 

(h) The needle is then connected to the 
rubber (or rubber-like) tubing and syringe 
filled with sterile saline solution. The ease of 
flow throughout the injection route is 
checked by means of barbotage. 

(i) The stopcock is then closed, the 
syringe is disconnected, and filled with ap- 
proximately 20 ce of the contrast solution. 
The syringe is reconnected, and the stopcock 
complex adjusted. To make sure that the 
needle is well within the lumen of the aorta, 
the examiner may request an exploratory 
exposure the instant after injection of a rel- 
atively small amount of the contrast solu- 
tion. This film must be processed immediate- 
ly and presented to the examiner for reading. 


(3) Injection of Contrast Medium and 
Radiography: 

(a) The examiner withdraws a few 
cubic centimeters of blood into the barrel of 
the syringe. 

(b) When everything is in complete 
readiness—all participants alerted, X-ray 
unit energized, cassette in the Bucky tray, 
technique factors set—the examiner gives 





Figure 14-48. Aortogram. 
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the ““Ready”’ signal to the technologist and 
starts the injection. A t the instant the exam- 
iner gives the signal “Now” or “Shoot,” the 
technologist makes the first exposure. 

(c) The injection needle is removed by 
the examiner, and the X-ray technologist (or 
an assistant) changes cassettes. 

(d) Subsequent exposures are made at 
predetermined intervals. Exposures made 
from 2 to 4 sec after completion of the injec- 
tion will usually demonstrate the venous 
return. 

(e) To obtain optimum radiographic 
quality in the aortograms, grid technique 
must be used. The exposure time should not 
exceed 1/10 sec. See also paragraph 14-32p. 

b. Aortography—Retrograde Method: 

(1) Patient Preparation and Prelimi- 
nary Procedure. In general, the preparation 
of the patient and the preliminary procedure 
are the same as for the translumbar percu- 
taneous method (a above), with the following 
exceptions: 

(a) The patient is adjusted in the sup- 
ine position on the X-ray table. 

(b) After aseptic preparation and lo- 
cal anesthesia, the femoral artery in the re- 
gion of Scarpa’s triangle is surgically ex- 
posed. 

(c) Aureteral-type catheter connected 
to the stopcock complex and saline infusion 
apparatus, is passed through the surgically 
induced opening in the femoral artery (or 
through a previously inserted trocar) and 
then advanced via the iliac artery to the de- 
sired level in the lumen of the abdominal aor- 
ta. This is carried out under fluoroscopic 
control. 

(d) A sphygmomanometer cuff or a 
tourniquet is applied around the proximal 
portion of the opposite thigh, and adjusted 
to the desired tension. 

(e) Saline perfusion of the catheter 
lumen is initiated as desired by the examiner. 


(2) Injection of Contrast Medium and 
Radiography: 

(a) Before starting the injection pro- 
cedure, a final check is made of all apparatus 
for operative readiness. 

(b) From 20 to 30 ec of the contrast 
solution is put into the syringe. 

(c) The syringe is connected to the 
injection system, and the stopcock complex is 
adjusted. 

(d) The examiner gives the “Ready” 
signal to the technologist and then starts 
the injection. 

(e) When all but a few cubic centime- 
ters of the contrast medium has been inject- 
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ed, the examiner will give the signal “Now” 
or “Shoot,” and the technologist makes the 
first exposure. 

(f) Subsequent exposures are made at 
predetermined intervals. 

(¢) The patient will control his respi- 
ration according to the instructions of the 
examiner. 

ec. Venography of the Inferior Vena Cava 
(Cavagram): 

(1) Patient Preparation and Adminis- 
tration of Sensitivity Test. Refer to para- 
graph 14-32c. 

(2) Preliminary Procedure: 

(a) The patient is placed in the supine 
position on the X-ray table. 

(b) Preinjection films (14 X 17 inch) 
are made to include an AP projection exposed 
with a vertical CR and a lateral projection 
exposed with a horizontal CR. Grid tech- 
nique is used for both. These films must be 
processed immediately and presented to the 
examiner for reading. 

(c) While the preinjection films are 
being developed, the injection needle is in- 
serted percutaneously into the lumen of the 
femoral vein. A plastic tube is then connect- 
ed to the needle. Adhesive tape is used to hold 
the needle in place. 

(d) A sphygmomanometer cuff is ap- 
plied around the proximal portion of the 
thigh opposite the injection site and inflated 
to the desired tension, and saline infusion is 
Initiated. 

(e) In the absence of a simultaneous 
biplane exposure setup, the examiner will 
signify whether the AP or the lateral is to be 
exposed first. 

(3) Injection of Contrast Medium and 
Radiography: 

(a) Approximately 30 ec of the con- 
trast solution is put into the syringe. The 
syringe is then connected to the injection 
system, and the necessary adjustments of 
the stopcock complex are made. 

(b) The examiner gives the “Ready” 
signal to the technologist and then starts 
the injection of the contrast solution at a 
rate of about 10 ce per second. 

(c) The technologist makes the first 
exposure at the instant the examiner gives 
the signal “Now” or “Shoot.” 

(d) Subsequent exposures are made 
according to the instructions of the examin- 
er. 
d. Portal Venography: 

(1) Methods. The methods of performing 
portal venography vary principally in the 
way the contrast medium is introduced. 
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(a) Operative Method. The contrast 
medium is introduced through one of the 
tributaries (for example, right gastroepi- 
ploic, superior mesenteric) of the portal vein 
while exposed during abdominal laparotomy. 
This method is the only one that will be de- 
scribed here. ° 

(b) Occlusal Method. The vena cava is 
momentarily occluded at a specific level, by 
means of a special type of balloon-catheter, 
during the injection. The catheter is inserted 
via the femoral and iliac route into the vena 
cava. 

(c) Percutaneous Transhepatic Meth- 
od. The injection needle is inserted through 
the abdominal wall, just below the xiphoid 
process of the sternum, and then advanced 
through the liver into the portal vein. 

(2) Patient Preparation. The specific 
mode of patient preparation depends upon 
the method of injection and the demands of 
the clinical situation. 

(3) Preliminary procedure: 

(a) At the appointed time, the technol- 
ogist will proceed to the designated operat- 
ing room with a mobile X-ray unit, portable 
Bucky or grid-front cassettes. When the lat- 
ter are to be used, a suitable cassette-chang- 
ing tunnel may be required. The technologist 
must change into attire appropriate for op- 
erating room environment before he enters 
the sterile operating area. He must inquire 
of the surgeon in charge regarding the most 
favorable location for setting up the X-ray 
equipment. 

(b) The patient is placed on the oper- 
ating table in the supine position and draped 
for surgery. The technologist places the 
portable Bucky grid, or the cassette tunnel, 
underneath the patient and centers the film 
in line with the xiphoid process of the ster- 
num and slightly to the right of the midline. 

(c) A preliminary film (10 X 12 inch or 
14 X 17 inch) is exposed and immediately 
processed. This film is used to check the cen- 
tering of the film and the correctness of the 
technique factors. 

(d) Anesthesia is induced and the oper- 
ating field is prepared for surgery. 

(e) After surgical exposure, a plastic 
catheter is inserted into one of the tributar- 
ies of the portal vein, advanced into the por- 
tal, and then tied in place. 

(4) Injection of Contrast Medium and 
Radiography (figure 14-49): 

(a) Asyvringe filled with 20 to 30 cc of a 
contrast solution is attached to the exposed 
end of the catheter. Meanwhile, the technolo- 
gist will move the X-ray unit in place and 
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Figure 14-49. Portal Venogram. 


center the tube over the area indicated by 
thesurgeon. Before positioning the tube, the 
surgical site must be covered with a sterile 
towel or the tube assembly wrapped with a 
suitable sterile material. 

(b) With all participants alerted, the 
surgeon gives the “Ready” signal to the 
technologist and then starts injection of the 
contrast solution at a rate of 10 to 15 ce per 
second. Immediately upon completion of the 
injection, the first exposure is made. In some 
instances, the surgeon may instruct the an- 
esthetist to induce apnea for the duration of 
the exposure in order to help overcome the 
possible loss of image detail caused by re- 
spiratory movement in the patient. This is 
especially advantageous in cases where a 
low-powered, mobile X-ray unit is all that is 
available for radiography in the operating 
room. When apnea is induced, two factors 
are of prime importance: (1) the surgeon 
must determine the optimum time for the 
commencement of the injection concurrent 
with the inducement of apnea, and (2) the 
technologist must be prepared to make the 
exposure at the required instant. 

(c) Subsequent exposures are made at 
predetermined intervals. 

(5) Procedural Variations. When the 
contrast medium is introduced by the tran- 
shepatic or the occlusal method, operating 
room facilities are not necessarily required. 
This is advantageous, since it permits the 
use of automatic rapid-sequence serializing 
biplane exposure apparatus. 

e. Splenoportography (Percutaneous): 

(1) Patient Preparation. Refer to para- 

graph 14-32c. 


1 August 1974 14-51 


(2) Preliminary Procedure: 

(a) General anesthesia may be admin- 
istered either in the operating room or in the 
designated X-ray room. Only the latter situ- 
ation will be described here. 

(b) The patient is placed in the supine 
position on the X-ray table, and adjusted so 
that the sagittal plane located 1 1/2 to 2 
inches medial to the midclavicular line is 
aligned to the midline of the X-ray table. A 
10 X 12 inch or a 14 X 17 inch cassette is 
placed in the Bucky tray, positioned cross- 
wise in relation to the midline of the patient, 
and centered to the level of the xiphoid proc- 
ess. 

(c) A preliminary film is exposed and 
immediately processed. This film is used to 
check the adequacy of intra-abdominal prep- 
aration and the correctness of the technique 
factors. 

(d) The anesthetist then induces gen- 
eral anesthesia and performs endotracheal 
intubation. In the meantime, the site of injec- 
tion is made aseptic and sterile drapes are 
placed. 

(e) The examiner inserts the injection 
needle in the midaxillary line (left side) in the 
9th or 10th intercostal space. As the examin- 
er advances the needle into the bulb of the 
spleen, he instructs the anesthetist to induce 
apnea. 

(3) Injection of Contrast Medium and 
Radiography (figure 14-50): 

(a) A 50 ce syringe is filled with a con- 
trast solution and then attached to the injec- 
tion needle. 

(b) With all participants of the medi- 
cal team alerted and the X-ray apparatus 
adjusted and energized, the examiner in- 
structs the anesthetist to induce apnea and 
gives the “Ready” signal to the technologist. 





Figure 14-50. Splenoportal Venogram. 
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(c) The examiner will now inject the 
contrast solution at a rate of 10 to 15 cc per 
second. Immediately upon completion of the 
injection, the injection needle is withdrawn 
and the first exposure 1s made. 

(d) Subsequent exposures are made at 
predetermined intervals. In the event that 
rapid-serial radiography is used, the expo- 
sures are generally made at a continuous 
rate of one per second for 10 to 15 seconds. 

(e) All films are processed immediate- 


ly. 


14-38. Cerebral Arteriography: 

a. Patient Preparation. Refer to para- 
graph 14-382c. 

b. Preliminary Procedure: 

(1) The patient is placed in the supine 
position and centered to the midline of the X- 
ray table. 

(2) Preliminary films of the skull (AP 
and lateral) are exposed according to the 
examiner’s instructions. These films are 
processed immediately and presented to the 
examiner for reading. 

(3) Asterile layout consisting of the in- 
struments and materials required for cere- 
bral arteriography is prepared. 

(4) Radiation protection _ shielding 
should be arranged so as to provide the nec- 
essary safety and yet afford optimum free- 
dom of movement for any member of the med- 
ical team. 

(5) If the injection is to be carried out by 
the percutaneous method, the examiner pal- 
pates the carotid artery in the neck to deter- 
mine the best site for puncture. The examin- 
er inserts the injection needle into the select- 
ed lumen of the artery and then engages the 
needle with the adapter in the injection sys- 
tem (figure 14-51). 

c. Injection of Contrast Medium and Radi- 
ography (figure 14-52): 

(1) The technologist adjusts the pa- 
tient’s head in the AP position. The CR is 
aligned parallel to the glabellomeatal line 
and directed to a point midway on line ap- 
proximately 2 cm superior to the tragi. 

(2) A syringe filled with approximately 
20 cc of warmed contrast solution is at- 
tached to the stopcock complex. 

(3) With all participants alerted, the X- 
ray unit in readiness for instant exposure 
(the rotating anode must be at exposure 
speed), the examiner instructs his assistant 
to exert digital pressure on the contralateral 


artery. . 
(4) The examiner gives the “Ready” sig- 
nal to the technologist and injects the con- 
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Figure 14-51. Relationships of the Inserted 
Injection Needle, Adapter, Sy- 
ringe, and Stopcock Complex 
for Selectively Directing the 
Flow of Contrast Medium in 
the Injection Continuum. 


trast solution at a rate of approximately 10 
ec per second. Just as the final cubic centime- 
ter leaves the syringe, the examiner gives 
the signal “Shoot,” and the technologist 
makes the first exposure. 

(5) In the absence of rapid-sequence se- 
rializing exposure apparatus, the technolo- 
gist (or an assistant) will rapidly exchange 
cassettes and then expose the second film as 
quickly as possible. The pressure on the 
opposite side of the injection site is now re- 
leased. The second exposure, when executed 3 
to 5 seconds after injection, will represent 
the radiopaque medium passing through the 
venous phase of circulation; this film is ac- 
tually a type of cerebral venogram. 

(6) The manner in which the next step of 
the procedure is carried out depends largely 
upon the decision of the examiner. For exam- 
ple, he may order that fronto-occipital and/ 
or lateral projections be made in addition to 
the AP. 

(7) Exposure time should not exceed 1/4 
sec. The timing of the exposures in relation 
to the time of injection is a vitally important 
point. 

(8) All exposed films should be processed 
immediately and placed in an illuminator for 
viewing by the examiner before the patient 
is removed from the table. 

d. Variations. When direct percutaneous 
injection of the contrast substance is made 
into the vertebral artery, the procedure is 
called vertebral arteriography. With certain 
exceptions, the procedure is similar to that 
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Figure 14-52. Cerebral Arteriography. 


for cerebral arteriography by carotid injec- 
tion. In this case, the patient does not lie di- 
rectly on the table surface. Instead, a firm 
cushion ( approximately 6 inches high) is 
placed beneath the thoracic and pelvic re- 
gions, and the head is hyperextended so that 
the vertez of the skull rests on the table sur- 
face. Submentovertical projections (figure 
14-53) are exposed during the first injection 
and such other projections as the examiner 
may direct during subsequent injections. 


e. Cerebral Arteriography by Use of Spe- 
cial Equipment. Special equipment is used in 
various installations throughout the Serv- 
ices, such as automatic, rapid-sequence, seri- 
alizing apparatus for making simultaneous 
biplane exposures at right angles. Notwith- 
standing the complexity of this type of appa- 
ratus, the procedural principles are basical- 
ly the same as when conventional equipment 
is used. 


14-39. Cerebral Venography and Sinus Ven- 
ography: 

a. General. Cerebral venograms may be 
produced incidental to cerebral arteriogra- 


phy when exposures are made during the - 


venous phase of circulation. Certain diag- 
nostic situations, however, demand a more 
detailed demonstration of specific venous 
channels than is afforded by this type of 
venogram (which is actually the result of 
indirect venography); for example, when it is 
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desirable to obtain a more selective filling of | 
specific venous channels with accompanying 
lack of dilution of the contrast substance. 
The preparation of the patient, preliminary 
procedure, positioning technique, and radio- 
graphy are for the most part the same as for 
cerebral arteriography. The principal dif- 
ference lies in the methods of introducing 
contrast medium. 

b. Injection Method for Superior Sagittal 
Sinus Venogram. With the patient in the 
supine position on the table, the examiner 





Figure 14-53. Position of Patient for Sub- 
mentovertical Projection (Ver- 
tebral Arteriography). 
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makes an incision at the hairline in the mid- 
forehead area after having induced local 
anesthesia. A burr hole is made, and then a 
ureteral-type catheter is inserted. The ex- 
posed end of the inserted catheter is connect- 
ed to the stopcock complex and the usual in- 
fusion apparatus. Approximately 15 ec of 
the contrast solution (of the sterile aqueous 
type containing 35 percent iodine compound) 
is injected at a rate of approximately 5 cc 
per second. The first exposure is made at the 
completion of injection. Subsequent injec- 
tions and views are made in accordance with 
clinical dictates. 

ec. Injection Method for Retrograde Jugu- 
lar Venogram. The patient is placed in the 
supine position on the X-ray table. After 
aseptic preparation and administration of 
local anesthesia, an antecubital vein is sur- 
gically exposed. A cardiac catheter is insert- 
ed into the selected vein and then advanced 
to the desired level in the jugular vein, under 
fluoroscopic control. The patient’s head is 
positioned for the lateral. Approximately 25 
ec of the contrast medium is injected through 
the catheter at a rate of 10 to 15 cc per sec- 
ond. The first exposure is made just as the 
final cubic centimeter leaves the syringe. In 
some instances, the examiner may have an 
assistant exert manual pressure on both 
jugular veins during injection. Subsequent 
injections and/or radiographs are made in 
accordance with clinical dictates. 


14-40. Intra-Osseous Venography. In this 
method of venography the contrast medium 
is introduced into selected venous pathways 
via the intramedullary or intraspongious 
route. In some situations, this technique may 
offer certain advantages over those pre- 
viously described. The technologist should 
consult standard textbooks on this subject. 


14-41. Lymphangiography: 

a. This is a radiographic procedure which 
will allow visualization of the lymph nodes 
and lymphatic channels by the use of con- 
trast media. The lymph vessels and nodes of 
the extremities as well as the retroperiti- 
oneal areas can be visualized by this tech- 
nique. 

b. The examiner injects 6 ec ethiodol (ethy] 
ester of iodized poppy seed oil containing 37 
percent iodine) in the upper extremity, or 12 
ec into the lymphatic vessels of the lower 
extremities. For infants and children the 
total amount injected is one-third to two- 
thirds that for adults. At the completion of 
the injection, the exposures are made. For 
lymphangiograms of the lower ex! 
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AP projections are taken of the legs, thighs, 
pelvis, abdomen, and chest; for the upper 
extremity, AP projections include the fo- 
rearm, arm, shoulder, and chest. 

e. For additional information on lymphan- 
giography the technologist should consult 
standard textbooks on this subject. (See 
figure 14-54 for a lymphangiogram.) 
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Figure 14-54. Lymphangiogram. 


SECTION E—THE CENTRAL NERVOUS 
SYSTEM 


14-42. Introduction. The central nervous 
system consists of the brain and spinal cord. 
Because there is insufficient difference in 
densities of the tissues to allow for satisfac- 
tory visualization of the various structures 
of the central nervous system by convention- 
al radiography, specialized radiographic 
techniques must be used. The specific method 
is determined by the attending physician and 
the radiologist. 


14-43. Ventriculography. Ventriculography 
is a diagnostic procedure whereby a series of 
radiographs are made of the head in several 
positions following the removal of all or a 
certain portion of the cerebrospinal fluid and 
its replacement with a suitable contrast 











) 
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medium. The ventricles are reached with hol- 
low needles through small trephine openings 
in the skull. 

a. Patient Preparation and Scheduling. 
Except in emergency, the examination is 
scheduled. Usually, the patient is sedated the 
evening before and again on the morning of 
the examination according to the directions 
of the responsible clinician. Breakfast is 
withheld on the morning of the examination. 

b. Preliminary Procedure: 

(1) The patient is taken to the designat- 
ed operating room, where he is placed in a 
sitting position with his chin resting on a 
suitable support. After aseptic preparation 
and administration of local anesthetic, two 
small trephine openings are made in the 
skull, 6.5 to 7 cm above the occipital protu- 
berance and 3 cm lateral to the midline. A 
needle or cannula is introduced into each of 
the trephine openings, and then advanced 
into the ventricular cavities. A mercury 
manometer is used to measure the intra- 
cranial pressure. Approximately 1 cc of indi- 
go carmine is injected into one of the ventri- 
cles and allowed to diffuse for a period of 
several minutes. The cerebrospinal fluid is 
allowed to drain slowly from the two ventri- 
cles and is carefully collected in a graduate 
for measuring. To promote drainage, the 
patient’s head is positioned so that the ex- 
posed portions of the cannulas are depend- 
ent. The patient’s head is then positioned so 
that one cannula is lower than the other, to 
permit the cerebrospinal fluid to drain from 
the lower cannula while air (the contrast 
medium) flows into the ventricular system 
through the upper cannula. This procedure 
is continued until approximately 25 to 30 ce 
of the cerebrospinal fluid has been with- 
drawn and replaced with air. 

(2) This phase of the examination may 
vary. For example, drainage of the cerebros- 
pinal fluid may be accomplished by means of 
a syringe (Luer type) attached to the cannu- 
la with flexible tubing. In this method, small 
quantities of cerebrospinal fluid are with- 
drawn (5 to 10 ec at a time) and replaced with 
pure oxygen. This procedure is continued 
until gas instead of fluid is returned upon 
aspiration. 

(3) When the injection of the contrast 
medium has been completed, the cannulas 
are removed, the scalp is sutured, and a 
dressing is applied. Immediately following 
this, the patient is brought to the X-ray 
room for the ventriculographic examination. 

c. Radiographic Procedure: 

(1) Basic Routine. Ordinarily, AP, PA, 
and right and left lateral projections of the 
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skull are first made with patient in the hori- 
zontal position. Then a similar set is made 
with the patient in an upright (sitting) posi- 
tion. The exposure factors are usually the 
same as those used for routine skull exami- 
nations. 

(2) Central Ray-Part Relationships. For 
the sagittal (axial) projections (that is, AP, 
PA), the vertically or horizontally projected 
CR is directed along the IOML and in line 
with the midsagittal plane of the skull. The 
laterals are made similarly to routine later- 
als of the skull. 

(3) Additional Positions and _ Projec- 
tions. Additional projections may be taken in 
various positions with various CR relation- 
ships to include any one or several as shown 
in table 14-2. 





Figure 14-55. Patient, Film and Tube in Posi- 
tion for a Lateral Projection 
Ventriculogram, Using a Hori- 
zontal CR. 





Figure 14-56. Patient in 360 Degree Rotating 
Chair for Pneumoencephalo- 


graphy. 
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Table 14-2. Radiographs Taken in Ventriculography. 






Patient-part position CR 








Projection 












Right Horizontal. 
and/or 
left 
lateral. 


Supine decubitus, brow-up; 
film-plane vertical (figure 
14-55). 









Right Prone decubitus, brow-down; Horizontal. 











and/or film-plane vertical (figure 
left 14-56). 
lateral. 













Right Supine decubitus, head inclined Horizontal. 










and/or backward and downward 
left (with hyperextension of neck) 
lateral. and extending over and below 





the end of the table, so that 
the IOML assumes a horizontal 
relationship. Film-plane vertical. 























Right Horizontal. 
and/or 
left 


lateral. 


Prone decubitus, head inclined 
forward and downward (with 
flexion of the neck) extending 
over and below the end of the 
table with the coronal plane 
of the head approximately 5° to 

10° from vertical. Film-plane 

vertical. 





























Right Horizontal (prone or supine), Vertical -- 





and/or head extending beyond end of projected 
left table (or litter) and held in from 
lateral. place beneath horizontal film- below. 


plane by a suitable supportive 
device. 
















Antero- Horizontal. 


posterior. 






Right and left lateral decubitus; 
film-plane vertical. 


















Antero- Prone decubitus, head extending Vertical-- 










posterior. bevond end of table (or litter) projected 
and held in place beneath from 
horizontal film by a suitable below. 





supportive device. 










Postero- Horizontal. 


anterior. 









Right and lett lateral decubitus; 
film-plane vertical. 






















Postero- Vertical-- 






Supine decubitus, head extending 







anterior. bevond end of table for litter) projected 
and held in place beneath from 
horizontal film by a suitable below. 


supportive, device: (fipure 1425.7). 








Horizontal -- 
directed 
midsagit- 
tally appro- 
Ximately 1" 
above level 
of external 

auditory meati. 


OCEhiN toe Upright (sitting position), facing 
frontal. vortircal fil; head ackined 
forward, neck and body flexed. 
Coronal plane of head approxima- 
tela ds” to O00” Trom. vortieal. 
(te One Ta Lith pos tt Lom) 
mip peeps. eyes 








) 
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Figure 14-57. Patient, Film-Plane, and De- 
pendent Tube for a Special PA 
Projection of the Skull for 


Ventriculography or Pneu- 
moencephalography. 
(4) Stereoradiography. Stereoscopic 


exposures are frequently made. These are 
exposed in pairs, and usually include both 
laterals and one or both sagittal projections. 
It is extremely important that the technolo- 
gist know in advance the exact positions in 
which the stereo pairs are to be made. Nor- 
mally, the tube is shifted longitudinally for 
the sagittal projections and transversely for 
the lateral projections. 

(5) Grid Technique. When possible, grid 
technique should be used for all ventriculo- 
graphic exposures. If a special head unit is 


a 
| 


3 a. 


Figure 14-58. Occipitofrontal Projection 
(Waggoner-Clark Position) for 
Ventriculography or  Pneu- 
moencephalography. 
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not available, it may be necessary to use 
grid-front cassettes or a wafer-type grid for 
the right angle projections. Customarily, a 
pair of right angle projections are made in 
each head position used. Ideally, each pair 
should be made without changing the posi- 
tion of the patient’s head, for even a slight 
deviation in position may change the distri- 
bution of the cerebrospinal fluid and the con- 
trast medium within the ventricular system 
—resulting in dissimilarity of object-repre- 
sentation between the sagittal and lateral 
projections. 

(6) Precautions. To obtain the best re- 
sults, the patient must be properly immobi- 
lized and must suspend respiration during 
exposure of the films. The positioning of the 
head and the centering of the CR must be 
done with extreme care and exactness. The 
mAs selected should be such as to allow use 
of the shortest possible exposure time. Ar- 
rangements must be made for the films to be 
processed immediately and presented to the 
radiologist for reading before the patient 
leaves the X-ray department. The entire pro- 
cedure must be under aseptic conditions. 

d. Variations of Technique: 

(1) Ventriculo-encephalography. This 
technique is used to demonstrate structures 
in the posterior fossa which cannot be shown 
clearly by regular ventriculography. A cer- 
tain amount of cerebrospinal fluid is with- 
drawn, by spinal puncture (spinal tap), and 
replaced with air or other suitable gas. As 
soon as the required amount of fluid has been 
drained off and replaced with air, the various 
exposures are made at the directions of the 
examiner. 

(2) Radiopaque Contrast Ventriculo- 
graphy. In this method, a radiopaque con- 
trast medium is introduced into selected por- 
tions of the ventricular system of the brain, 
and a series of radiographs are made in sev- 
eral positions. If indicated, this procedure is 
usually performed immediately following 
gas ventriculography. 

(a) The patient is seated in the erect 
position in front of a vertical fluoroscopic 
table unit, for lateral viewing of the skull by 
the examiner. 

(b) The patient’s neck and body are 
flexed so that the foramen magnum is at a 
higher level than the vertex of the skull. The 
head is then rotated so that one of the tre- 
phine openings is uppermost. 

(c) Using a syringe with needle at- 
tached, the examiner introduces approxi- 
mately 2 cc of contrast medium (for example, 
Pantopaque) into the lateral ventricle via 
the upper trephine opening. 
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(d) The examiner signals the technolo- 
gist to engage the fluoroscopic unit, and then 
proceeds to maneuver the contrast agent 
into the third ventricle by postural manipu- 
lation of the patient’s head, neck, and body. 

(e) When the contrast agent is in the 
third ventricle, the examiner will signal the 
technologist to prepare for the required ra- 
diography. 

(f) Usually, the prescribed sagittal 
and lateral projections are made without 
changing the position of the patient’s head 
or body. Additional projections may be made 
in various other positions, according to the 
directions of the examiner. 

(¢) Arrangements should be made for 
the films to be developed and presented to the 
radiologist for reading immediately upon 
completion of the exposures. 

(h) If additional films are not re- 
quired, the examiner will posturally manipu- 
late the patient (with the help of the technol- 
ogist or an assistant) in such a way as to 
cause the contrast medium to collect in the 
dural sac, for subsequent removal by spinal 
puncture. 


14-44. Pneumoencephalography. Pneumoen- 
cephalography is the radiographic examina- 
tion of the cerebral structures following the 
removal of cerebrospinal fluid and its re- 
placement with air or other gas by lumbar or 
cisternal puncture. 





Figure 14-59. Lateral, Ventriculogram. 
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a. Patient Preparation and Scheduling: 

(1) The examination should be scheduled 
in advance. In an emergency, the X-ray clinic 
should be notified as soon as possible so that 
all the necessary preparations can be made 
before the patient arrives. 

(2) The patient is sedated the evening 
before and on the morning of the examina- 
tion, according to the directions of the re- 
sponsible clinician. Breakfast is withheld. 

b. Preliminary Procedure: 

(1) Since this examination requires the 
cooperation of the patient, the examiner (or 
some member of the medical team) must ex- 
plain the important steps of the procedure. 
It may be necessary to rehearse certain 
parts until everyone participating in the 
actual examination understands exactly 
what is expected. 

(2) Male patients should disrobe to the 
waist. Female patients should be gowned so 
that the back may be exposed for the spinal 
puncture. 

(3) Normally, the patient is seated in 
front of, and with his head resting against, a 
vertical Potter-Bucky diaphragm (figure 14- 
60). If a specially designed chair is not avail- 
able, a stool or an ordinary straight-backed 
chair may be used. In the latter case, the pa- 
tient will straddle the seat and rest his arms 
and chin on the back of the chair. If the pa- 
tient seems drowsy or unsteady, some means 
of support must be provided; straps, head 
clamps, or an adaptation of the Sayre appa- 
ratus may be used. 

(4) A sterile pneumoencephalographic 
layout should be obtained in advance and set 
up in the operative area according to the 
instructions of the examiner. 

(5) For the lumbar-puncture method, the 
lower back region of the patient is made 
aseptic and sterile draped, leaving only the 
area for spinal puncture exposed. 

(6) Local anesthetic is administered at 
the site selected for spinal puncture. 


ce. Introduction of Contrast Medium by 
Lumbar Puncture: 
(1) Two-Needle Method: 

(a) The examiner will instruct the 
technologist (or an assistant) to adjust the 
posture of the patient so that the desired 
flexion of the neck and back is obtained. He 
then inserts a special type of needle into the 
spinal canal, between the fourth and fifth 
lumbar vertebrae. At this point, a cerebros- 
pinal pressure reading is taken by the physi- 
cian. Then a second needle is inserted into 
the spinal canal between the third and 
fourth lumbar vertebrae. After checking the 
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Figure 14-60. Typical Position of Patient for 
Introduction of the Contrast 
Medium During Pneumoence- 


phalography. 


flow of cerebrospinal fluid from the needles, a 
manometer is connected to the upper needle 
to allow cerebrospinal fluid pressure deter- 
minations to be made at various stages of 
the procedure. 

(b) The next step of the procedure will 
vary, depending upon the method used. 

1. In one method, 5 to 10 ce of cere- 
brospinal fluid is drained into a syringe or a 
measuring graduate and replaced with an 
equal volume of gas. Immediately following 
this, radiography is carried out according to 
the instructions of the examiner. The films 
are immediately processed, and then read by 
the radiologist. The subsequent course of the 
procedure is based on his evaluation. This 
procedure may be repeated until gas, in 
amounts varying from 20 to 120 cc, has been 
introduced. Exposures are made at certain 
intervals during the procedure so the exam- 
iner can determine how much gas should be 
introduced. 

2. In another method, the procedure 
is as follows: 10 cc of cerebrospinal fluid is 
drained off and replaced with 5 cc of gas. Fol- 
lowing this, 10 cc more of cerebrospinal fluid 
is drained and replaced with an equal 
amount (10 cc) of gas. The second step is re- 
peated until the desired amount of contrast 
medium has been introduced. Exposures are 
made at intervals according to the instruc- 
tions of the examiner. 

3. Inthe Lindgren method, 5 to 10 ce 
of air is slowly injected, followed by the re- 
moval of 4 to 8 ec of cerebrospinal fluid. The 
procedure is repeated until 15 to 20 ce of air 
has been introduced. 
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4. In still another method, the cere- 
brospinal fluid pressure is maintained at 
specific upper and lower limits throughout 
the procedure. The pressure is read on a 
manometer connected to the upper needle. 
For example, if the fluid pressure measures 
20 mm of mercury at the start of the proce- 
dure, then the fluid is allowed to drain 
through the lower needle until a pressure 
reading of 10 mmis recorded on the manome- 
ter. Gas is then injected until a pressure 
reading of 20 mm of mercury is obtained. The 
procedure is continued until the desired fill- 
ing is achieved. 

(2) Single-Needle Method. This proce- 
dure is essentially the same as for the two- 
needle method ( (1) above), but a different 
type of needle is used. The needle is equipped 
with a multichanneled stopcock device which 
provides for removal of the cerebrospinal 
fluid, injection of the gas, and connection of 
the manometer. 

d. Introduction of the Contrast Medium by 
the Cisternal-Puncture Method: 

(1) The patient is seated facing a verti- 
cal Potter-Bucky diaphragm. The patient’s 
head is then adjusted according to the exam- 
iner’s instructions. To prevent any change in 
position, the head must be rigidly immobi- 
lized. 

(2) Under local anesthesia, a special 
type of needle is introduced in the midline, 
just superior to the spinous process of the 
axis, and advanced into the cisterna magna 
until its tip lies at the level of the posterior 
margin of the foramen magnum. When the 
cerebrospinal fluid starts to flow from the 
needle, a pressure reading is taken. Then 5 to 
10 ec of cerebrospinal fluid is removed and 
replaced with double the volume of oxygen. 

(3) The examiner directs the technolo- 
gist to make the lateral and sagittal projec- 
tions. Neither the needle nor the posture of 
the patient’s head should be disturbed dur- 
ing radiography, and exposure should be 
made at the instant the examiner gives the 
signal. 

(4) Following this, the syringe is discon- 
nected from the needle to allow a portion of 
the gas and some of the cerebrospinal fluid to 
flow from the cisterna magna through the 
needle. This is done to relieve intracranial 
hypertension. 

(5) The syringe is again connected, the 
injection procedure is repeated, and the nec- 
essary radiography is accomplished at the 
directions of the examiner. 

e. Basic Radiographic Procedure: 

(1) Ordinarily, projections of the skull 

similar to those used in ventriculography 
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are made—the first set with the patient in 
the upright (sitting) position and the second 
set with the patient in the horizontal posi- 
tion. Additional projections may be required 
In various positions with various CR rela- 
tionships. 

(2) The exposure of stereoscopic pairs 
and the use of grid technique generally par- 
allels that used for ventriculography. 

f. Tomography. Tomography sometimes 
augments the regular procedure, or may be 
included as an integral part. The technolo- 
gist must apprise himself of the following 
factors: 

(1) The position(s) of the patient’s head 
during the prescribed phases. 

(2) Exactly how and when each postural 
manipulation is to be carried out. 

(3) The sequence of position and tomo- 
graphic exposures. 

(4) The exact level(s) at which the sec- 
tion(s) is to be obtained, with respect to co- 
ronal or sagittal planes of the skull. 

(5) The time-lapse between the position- 
ing of the head and the making of the expo- 
sure—to allow for the disposition of the gas 
and the cerebrospinal fluid within the intra- 
cranial cavities. 

g. Postural Management of the Patient. 
The technologist is frequently required to 
assist the examiner in posturally manipulat- 
ing the patient during the introduction of 
the contrast medium. These manipulations 
must be done exactly in accordance with the 
examiner’s directions, and it is extremely 
important that they be correctly timed and 
executed at the proper rate of speed. Perfect- 
ly coordinated teamwork between the exam- 
iner and the technologist is vital to success 
of the examination. For this reason, the tech- 
nologist should go over the entire technical 
procedure with the examiner and, if neces- 
sary, practice certain critical aspects of it 
with him beforehand. 

h. Precautions: 

(1) In general, the precautionary meas- 
ures to be taken during the examination are 
the same as those outlined for ventriculo- 
graphy. In addition, these patients must be 
very carefully observed during the examina- 
tion for any reactions, such as severe head- 
. ache, nausea, vomiting, profuse sweating, or 
faintness. If fainting seems imminent, imme- 
diate action must be taken to keep the pa- 
tient from falling down or from sliding off 
the table. An emesis basin and an adequate 
supply of cleansing tissues should be readily 
available for use in case of vomiting. 

(2) These patients should never be al- 
lowed to return to the ward unaccompanied. 
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Moreover, they should be returned to the 
ward in a wheelchair or on a litter. If the 
patient is returned to the ward on a litter, 
explicit instructions should be obtained from 
the physician in charge as to the patient’s 
position. IMPORTANT: The X-ray depart- 
ment is responsible for the care of the pa- 
tient until he is back on the ward or in the 
care of a ward attendant. 

1. Followup Radiography. Inasmuch as the 
contrast medium (gas) is absorbed at periods 
ranging from approximately 12 to 72 hours 
—or even considerably longer—after its in- 
troduction, followup radiography may be 
requested by the examiner. All followup 
pneumoencephalograms must be properly 
identified. This is done by appropriately la- 
beling and marking the films to show the 
date and hour on which they were taken. 


14-45. Myelography: 

a. General: 

_ (1) Myelography is a procedure for the 
investigation of the spinal cord and subar- 
achnoid spaces following the introduction of 
a contrast medium into the spinal canal. 

(2) Pantopaque (ethyl iodophenylunde- 
cylenate), an oily iodinated organic com- 
pound, is the preferred contrast media; how- 
ever, in some localities, or in special situa- 
tions, substances in the sterile aqueous cate- 
gory (for example, Hypaque) may be used. 
The following concerns techniques in which 
Pantopaque is used. When air or oxygen is 
used for the contrast medium the procedure 
io pneumomyelography (paragraph 

(3) Since the majority of myelographic 
studies are concerned with the lumbar region 
of the spine, emphasis is placed on the tech- 
niques used in studies dealing with that re- 
gion (commonly termed lumbar myelogra- 
phy). Not too infrequently, however, it is the 
thoracic or the cervical region which is the 
site of prime diagnostic interest. For perti- 
nent technical details relating to thoracic 
myelography and cervical myelography, see 
e and f below; otherwise, the essential tech- 
nical details are the same as those described 
for lumbar myelography. 

b. Patient Preparation and Scheduling. 
Except in emergency, myelographic exami- 
nations are scheduled according to the es- 
tablished clinical procedure. Sedation is 
administered by the responsible clinician 
approximately 1 hour prior to the procedure. 

c. Preliminary Procedure: 

(1) Upon arriving at the X-ray depart- 
ment, the patient is properly gowned for the 
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Figure 14-61. Pneumoencephalograms. 


examination, and the pertinent aspects of 
the procedure are explained to him. 

(2) The patient is placed on the horizon- 
tally adjusted radiographic-fluoroscopic tilt- 
table unit, either prone or on his side, de- 
pending upon the preference of the examiner. 
If preliminary radiography is not required, 
the positioning procedure is as follows: 

(a) Patient Prone. The patient is ad- 
justed in the prone position with the midline 
of the body aligned to the center of the table; 
the head may be turned to either side. The 
patient is then instructed to grasp the edge 
of the tabletop with both hands, at the level 
of his shoulders; or to grasp the shoulder 
brace with one hand. To straighten the lum- 
bar curve to the required degree, a bolster 
(made by rolling a small pillow, or other suit- 
able object, into the desired shape) is placed 
under the lower abdomen. The patient’s feet 
are placed firmly against the footrest. 

(b) Patient Lying on His Side. The 
patient lies on his side, with his back toward 
the examiner. A suitable bolster ((a) above) 
is placed under the thoracic region, to 
straighten the spinal column in relation to 
the midsagittal plane and make it parallel 
with the tabletop. The patient’s neck, body, 
and lower extremities are then brought into 
flexion, so that the knees are drawn toward 
the chin and the arms and shoulders are 
drawn forward (figure 14-62). 

(3) A sterile-packed myelographic lay- 
out is set up near the examiner. 
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(4) The injection site is made aseptic, 
and local anesthesia is administered. 

(5) The radiographic and fluoroscopic 
factors are determined according to the size 
of the patient. If necessary, test exposures 
are made and developed for immediate 
inspection. The technologist should prepare 
the radiographic room for the examination 
so that every item needed will be in place. A 
sufficient number of films of the required siz- 
es should be available for both spot-filming 
and other radiography. Appropriate identi- 
fication markers should be made before any 
radiography is done. 


d. Introduction of Contrast Medium, Fluo- 
roscopy, and Radiography: 
(1) Sterile and aseptic precautions are 
observed throughout the entire procedure. . 
(2) The examiner inserts an 18- or 20- 
gauge, lumbar-puncture (short-beveled) nee- 
dle into the subarachnoid space, exactly in 
the midline and in the region of the vertebral 
interspaces, between L3 and L4, L4 and L5, 
or L5 and S1. The stilette is removed from 
the needle, and approximately 3 to 5 cc of 
cerebrospinal fluid are withdrawn and col- 
lected in a test tube for laboratory analysis. 
When indicated by the examiner, the Queck- 
enstedt test is performed for the determina- 
tion of possible block in the vertebral canal. 
In the absence of an assistant, the examiner 
may direct the technologist to assist him in 
this maneuver (carotid artery compression); 
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Figure 14-62. Patient Lying on His Side, 
Body in Flexion, for Myelog- 
raphy. 


in which case, the technologist must carry 
out the examiner’s instructions (however 
simple they may seem) with exacting care. 
The cerebrospinal fluid pressure is recorded 
at this stage of the procedure. 

(3) The head-end of the table is now 
raised approximately 10 to 20 degrees from 
the horizontal (figure 14-63). If the patient is 
lying on his side, he must be adjusted in the 
prone position. The injection site is covered 
with sterile gauze or a towel. The fluoroscop- 
ic apparatus and spot-film device are then 
brought into operative position over the 
injection site. Proper precautions must be 
taken to avoid disturbing the position of the 
needle. The technologist should be sure that 
the fluoroscopic apparatus is locked, and 
that the locking mechanism is absolutely 
safe. In some instances, a safety-bar may be 
used as an additional safeguard. The safety- 
bar may be contrived of an ordinary piece of 
wood or metal that is sturdy enough to serve 
the purpose. It is advisable to have safety- 
bars made up in several lengths to accommo- 
date patients of varying sizes. If necessary, 
the safety-bar can be tied, taped, or clamped 
onto the upright support assembly which 
maintains the fluoroscopic apparatus and 
spot-film device. 

(4) Fluroscopy and. spot-film  radio- 
graphy are then carried out. In some in- 
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Figure 14-63. Head End of Tilt-Table Unit 
Raised During Myelographic 
Examination. 


stances, however, the examiner may forego 
the latter aspect of the examination and 
proceed to inject the contrast medium in- 
stead. 

(5) A syringe, filled with the contrast 
medium (3 to 6 cc) is attached to the needle. 
The subsequent steps of the procedure de- 
pend upon the amount of contrast medium 
(with specific reference to Pantopaque) used. 

(a) Technique in Which a Relatively 
Small Amount (2 to 6 cc) of Contrast Medium 
Is Used: 

1. After the introduction of the con- 
trast medium into the subarachnoid space, 
the syringe is disengaged from the needle, 
the stilette is replaced, and the injection site 
is covered with sterile gauze or a towel. The 
bolster is removed from beneath the abdo- 
men and placed under the patient’s lower 
extremities, as needed. 

2. The fluoroscopic apparatus and 
spot-film device are brought into working 
position over the injection site. The appar- 
ent shape, location, and behavior of the body 
of injected contrast medium is studied by the 
examiner under fluoroscopic control, as the 
table unit is raised or lowered according to 
his instructions. The position of the patient, 
in relation to the tabletop, may be changed 
at intervals; for example; the patient may be 
obliqued either to the right or the left, or 
postured on his side. In handling the patient, 
great care must be taken to see that the nee- 
dle does not hit the fluoroscopic apparatus. 

3. Spot-film exposures are made at 
various intervals and in different positions. 
The patient should be instructed beforehand 
that he is to immediately suspend respira- 
tion at a given signal from the examiner or 
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the technologist. In addition to the spot- 
films, PA (figure 14-64) and lateral projec- 
tions (figure 14-65) may be taken without 
changing the position of the patient. For the 
lateral projection, a horizontal CR is prefer- 
able. Spot obliques and/or stereoscopic expo- 
sures are made as indicated by the examiner. 

4. Radiopaque markers may be 
taped to the patient’s body (or to the grid), to 
indicate anatomical relationships or land- 
marks. In any case, at least one of the radi- 
ographs out of each group (exposed at right 
angles to each other) should provide suffi- 
cient coverage to facilitate positive identifi- 
cation of the pertinent relationships be- 
tween the position of the lumbar-puncture 
needle, the contrast medium situated in the 
spinal canal, and the important anatomical 
landmarks. 

(b). Technique in Which a Relatively 
Large Amount (6 to 21 cc) of Contrast Medi- 
um Is Used: (Sometimes referred to as‘“‘full- 
column myelography,” “erect-method mye- 
lography,” or “total myelography”). 

1. Upon completion of the prelimi- 
nary phases of the procedure, the patient is 
adjusted in a lateral recumbent position on 
the tilt-table unit. The spinal-puncture nee- 
dle is inserted, a cerebrospinal pressure 
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reading is recorded, and cerebrospinal fluid 
is collected for laboratory analysis. 

2. The head-end of the table is now 
raised approximately 10 to 20 degrees from 
the horizontal. The contrast medium is in- 
jected into the subarachnoid space in the 
lumbar region after withdrawal of a similar 
amount of cerebrospinal fluid. The lumbar- 
puncture needle is then removed, and the 
patient is adjusted in the prone position, 
with his feet placed firmly against the 
footrest. 

3. After properly alerting the pa- 
tient, the table is brought into the vertical 
relationship. Additional fluoroscopy, spot- 
filming, or radiography is carried out ac- 
cording to the directions of the examiner. 
The table is then returned to the horizontal 
relationship, and the patient lies in the sup- 
ine position. Further fluoroscopic and radi- 
ographic studies may be carried out, if indi- 
cated. 

4. Upon completion of the examina- 
tion, the spinal-puncture needle is reinserted 
for subsequent removal of the contrast medi- 
um. 
e. Thoracic Myelography: 

(1) Patient Prone. The patient is placed 
in the prone position on the tilt-table unit, 





Figure 14-65. Lumbar Myelogram (Lateral). 
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with the head fully extended. Some examin- 
ers may prefer to elevate the lower back by 
placing a suitable bolster under the lower 
abdominal region. The contrast medium and 
the manner of its introduction are essential- 
ly the same as in lumbar myelography. In 
some instances, however, the contrast medi- 
um may have to be injected by cisternal 
puncture ((4) below). Under fluoroscopic con- 
trol and by slowly lowering the head-end of 
the table, the column of radiopaque contrast 
medium is made to flow into the subarach- 
noid space of the thoracic spine. Spot films 
are taken in various positions, as indicated. 
Conventional radiographic technique may 
be used for the sagittal and lateral projec- 
tions; with the latter, a horizontal CR is pre- 
ferred. 

(2) Patient Supine. This technique may 
be used when a relatively large amount of 
contrast medium is injected. After comple- 
tion of the injection, the needle is withdrawn 
and the patient is placed in the supine posi- 
tion on the tilt-table unit. The table is tilted 
as desired. The flow of the contrast medium 
is observed fluoroscopically, and spot-films 
are taken in various positions, as indicated. 

(3) Removal of Contrast Medium. When 
the examination has been completed, the 
head-end of the table is raised so that the 
patient is brought to the vertical (or near- 
vertical position), thereby pooling the con- 
trast medium in the lumbar subarachnoid 
space, for subsequent removal. 

(4) Incidental Blockage. In the event of 
incidental blockage of the spinal canal due 
to pathologic conditions in the thoracolum- 
bar region, it may be necessary for the exam- 
iner to inject the medium by means of cister- 
nal puncture. In this case, the tilting proce- 
dure is the reverse of that used for the lum- 
bar-puncture method. 

f. Cervical Myelography. The patient is 
placed in the prone position on the tilt-table 
unit, with the head fully extended. The head 
must be fully extended to prevent the con- 
trast medium from entering the cranial cavi- 
ty. Contrast medium is introduced into the 
lumbar subarachnoid space in a manner sim- 
ilar to that in lumbar myelography. By low- 
ering the head-end of the table, the examiner 
maneuvers the column of contrast medium 
from the lumbar region toward the cervical 
subarachnoid space. This is done under fluo- 
roscopic control. Spot film exposures are 
made for the sagittal projections. Lateral 
projections of the cervical region are ob- 
tained with an over-the-tabie tibe and a hor- 
izontal CR. After completion of the exaniina- 
tion, the contrast medium is pocled under the 
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lumbar-puncture needle for subsequent re- 
moval. 

g. Removal of Contrast Medium from the 
Subarachnoid Space of the Spine. Removal 
of contrast medium is done only under fluo- 
roscopic control. Two methods are described: 

(1) In one method, the patient is placed 
in the prone position on the tilt-table unit. 
By appropriate tilting of the table and under 
fluoroscopic control, the column of contrast 
medium is pooled under the spinal-puncture 
needle. An unused, sterile syringe is then 
attached to the needle, and the contrast me- 
dium is carefully aspirated. In case the nee- 
die was withdrawn immediately after the 
introduction of the contrast medium, a sec- 
ond spinal puncture is performed over the 
area and the contrast medium is removed as 
described above. Before the needle is with- 
drawn, a radiograph, or a fluoroscopic exam- 
ination, should be made to determine if satis- 
factory removal has been accomplished. If 
satisfactory removal is confirmed, the needle 
is withdrawn and the patient is returned to 
the ward. 

(2) In the second method, the procedure 
is the same as outlined in (1) above until the 
contrast medium is pooled under the needle, 
but differs thereafter. When the contrast 
medium has been pooled under the needle, the 
stilette is removed but, in this case, no sy- 
ringe is attached. Instead, the patient is in- 
structed to do the Valsalva maneuver, in 
which he takes in a deep breath and carries 
out forced expiration against a closed glot- 
tis. This aids in causing the contrast medium 
to flow out through the needle. The maneuver 
is repeated until all, or most, of the contrast 
medium has been removed. Before the needle 
is withdrawn, a radiograph, or a fluoroscopic 
examination, should be made to see if satis- 
factory removal has been accomplished. If 
satisfactory removal is confirmed, the needle 
is withdrawn, and the patient is returned to 
the ward. 


14-46. Pneumomyelography: 
a. Preliminary Procedure: 

(1) Ordinarily, scheduling and patient 
preparation, including such elements as sed- 
ation, aseptic precautions, local anesthesia, 
or insertion of the spinal-puncture needle, 
are the same as when Pantopaque is used for 
the contrast medium (paragraph 14-45). 

(2) The patient is placed on his side on 
the tilt-table unit. The head-end of the table 
is lowered approximately 35 degrees from 
the horizontal. The shoulder rest should be 
apjlied to prevent the patient from slipping. 
Tne sagittal alignment of the spinal column 


‘ 
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is carried out by placing a suitable bolster 
under the thoracic region (figure 14-66). 

b. Introduction of Contrast Medium and 
Radiography: 

(1) After insertion of an 18- or 20-gauge 
spinal-puncture needle into the subarach- 
noid space, usually, at the vertebral inter- 
space between L2 and L3, the stilette is re- 
moved and approximately 5 cc of cerebro- 
spinal fluid is withdrawn and collected in a 
test tube for subsequent laboratory exami- 
nation. 

(2) The radiolucent contrast medium, 
consisting of sterile air or pure oxygen, is 
injected into the subarachnoid space by 
means of a syringe. Injection is made in 5 ce 
volumes as equal volumes of cerebrospinal 
fluid are withdrawn. This procedure is con- 
tinued until gas, instead of cerebrospinal 
fluid, returns from the needle. Twenty-five to 
50 ce of gas may be required to satisfactor1i- 
ly outline the spinal canal. Films may be 
exposed at various intervals during the 
injection of the contrast medium, to check 
for filling. After satisfactory filling has been 
accomplished, the spinal-puncture needle is 
removed. Lateral, AP, or obliques of the spi- 
nal canal are made at the level(s) of diagnos- 
tic interest, using Potter-Bucky diaphragm 
technique throughout. Stereoradiographs 
are made as indicated by the examiner. In 
changing the position of the patient, great 
care must be taken to maintain the patient’s 
head at a lower elevation in relation to the 
base of the spine, in order to keep the radio- 
lucent contrast (gas) medium from passing 
into the intracranial area. All exposed films 
should be developed and checked by the ex- 
aminer before the patient is removed from 
the X-ray table. 





Te 


Figure 14-66. Patient Positioned on Tilt-Ta- 
ble Unit, for Pneumoence- 
phalography. 
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(3) If no further radiography is re- 
quired, the patient is transferred to a litter. 
IMPORTANT: THE PATIENT’S HEAD 
MUST BE KEPT AT A LOWER ELEVA- 
TION AT ALL TIMES DURING THIS 
TRANSFER AND UNTIL HE IS TURNED 
OVER TO RESPONSIBLE PERSONNEL ON 
THE WARD, WHERE HE WILL RECEIVE 
SPECIAL FOLLOW UP CARE. 


14-47. Diskography. Diskography is the ra- 
diographic investigation of selected inter- 
vertebral fibrocartilages (disks) during radi- 
opacification by contrast medium. 

a. Preparation of Patient and Scheduling. 
The examination is scheduled according to 
the established clinical procedure. Sedation 
is usually administered 1 hour prior to the 
procedure. 

b. Preliminary Procedure (Lumbar Disk- 
ography): 

(1) When indicated, preinjection radi- 
ographs are made, in both sagittal and co- 
ronal planes, of the area(s) of diagnostic in- 
terest. 

(2) For lumbar diskography the patient 
is usually placed on his side on a tilt-table 
unit, with his body in flexion (as for routine 
spinal anesthesia). In some instances, the 
examiner may prefer to have the patient 
placed in the prone position. 

(3) The lumbar area is made aseptic, and 
local anesthetic is administered. 

(4) Under sterile precautions, the exam- 
iner inserts a No. 19 needle (1 1/2 inches long) 
in the midline, aiming at the center portion 
of the intervertebral disk to be punctured. A 
lateral projection is then obtained to check 
the exact location and alignment of the nee- 
dle. 

(5) When it has been established that 
the No. 19 needle is properly aligned, a small- 
er caliber needle (No. 22, 4 inches long) is 
inserted into the No. 19 needle. The smaller 
needle is then advanced into the lumbar 
subarachnoid space. At this point, cere- 
brospinal fluid may be withdrawn and col- 
lected for laboratory examination. 

(6) Next, the smaller caliber needle (No. 
22) is advanced until its tip enters the nucle- 
us pulposus of the intervertebral disk under 
consideration. In some cases, a_ lateral 
projection is made to check the precise posi- 
tion of the needle. If necessary, additional 
pairs of needles may be inserted in one or 
more of the adjacent intervertebral spaces. 

c. Introduction of Contrast Medium and 
Radiography: 

(1) Asyringe (for example, Luer-Lok, 10 
ec) filled with approximately 5 cc of the con- 
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trast medium, consisting of one of the sterile 
aqueous solutions (for example, Hypaque) 
and containing from 35 to 50 percent iodine 
compound, is then attached to the smaller 
caliber needle. 

(2) After the technologist has readied 
the radiographic apparatus and placed a 
cassette in the Bucky tray, the examiner in- 
jects the contrast medium into the interver- 
tebral disk. In the case of normal disk, ap- 
proximately 0.5 to 1 ce of the contrast solu- 
tion may be injected. If abnormal conditions 
ane encountered, more contrast solution may 
be injected—usually from 2 to 5 cc (or more). 

(3) PA and lateral projections (figure 14- 
67) of the injected disk(s) are obtained as 
soon as possible following the injection; 
these radiographs are made without chang- 
ing the position of the patient. This tech- 
nique usually requires a portable Potter- 
Bucky diaphragm or grid-front cassettes for 
the horizontal CR. 

(4) The examiner now removes the nee- 
dies, and an appropriate dressing is applied 
to the puncture site. The patient is then 
placed in the supine position, and the spinal 
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column is flattened by flexion of the knees. 
AP projections are obtained. Stereoscopic 
exposures are made according to the instruc- 
tions of the examiner. 

(5) The table is then brought to the ver- 
tical relationship, and lateral projections 
are obtained with the patient in the standing 
(weight-bearing) position. 

(6) All exposed films should be developed 
and presented to the examiner for inspection 
before the patient is returned to the ward. If 
additional projections (for example, oblique) 
are required, they must be exposed as quick- 
ly as possible; otherwise absorption of con- 
trast medium may diminish radiopacification 
to such a degree that satisfactory radi- 
ographs cannot be obtained. 

d. Cervical Diskography. For cervical 
diskography, the technical procedure closely 
follows that described for lumbar diskogra- 
phy, with the following exceptions: 

(1) The patient is placed in the supine 
position on the tilt-table unit. Preinjection 
radiography is carried out according to the 
demands of the situation. 

(2) The anterolateral aspect of the pa- 





Figure 14-67. Diskograms. (A) Lateral, (B) Sagittal. 
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tient’s neck on the side of interest (or the 
most suitable site of access) is made aseptic, 
and local anesthetic is administered. 

(3) The examiner inserts the injection 
needle(s) into the tissues lying in the antero- 
lateral aspect of ths cervical region, and di- 
rects it toward the intervertebral disk(s) 
under consideration. A single 21l-gauge, 9- 
cm, spinal needle, or a pair of needles, con- 
sisting of a No. 20 (2 inches long) through 
which a smaller caliber (No. 25, 2 1/2 inches 
long) needle is passed, may be used. 

(4) Before the injection needle(s) is adv- 
anced into the nucleus pulposus of the in- 
tervertebral disk, AP and lateral projections 
are exposed without changing the position of 
the patient. These films are made to check 
the exact position and alignment of the nee- 
dle(s). 

(5) The patient is cautioned not to move, 
cough, or talk while the needle(s) is in place. 
A syringe filled with the contrast medium, 
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consisting of one of the sterile aqueous solu- 
tions containing 50 percent iodine compound, 
is attached to the needle; and approximately 
0.2 to 0.5 ec of the contrast medium is inject- 
ed into each of the intervertebral disks to be 
studied. 

(6) AP and lateral projections (also 
oblique projections, if indicated) of the cervi- 
cal region are obtained without changing the 
position of the patient. The films are proc- 
essed for immediate inspection. 


(7) If injection of additional contrast 
solution is not required, the injection needles 
are removed and further radiography is car- 
ried out according to the instructions of the 
examiner. Stereoscopic exposures are made, 
as indicated. 

(8) All exposed films should be developed 
and presented to the examiner for inspection 
before the patient is returned to the ward. 












er Ee 










AFM 160-30/TM 8-280/NAVMED _ P-5119 _—-1: August 1974 15-1 
Chapter 15 
RADIATION THERAPY 


SECTION A—INTRODUCTION 


15-1. Historical Aspects. Shortly after the 
discovery of X-rays in November 1895, phy- 
siclans were intrigued by this new phenome- 
non and its medical implications. Conse 
quently, they used this new tool rather indis- 
criminately as they X-rayed their families, 
patients, colleagues and even curiosity seek- 
ers. Soon the cellular injuries caused by 
these rays were noted, and the application of 
these early observations gave rise to the 
present field of radiation therapy. 

a. When X-rays were first employed for 
diagnosis and treatment, patients, physi- 
cians, and technicians were often unneces- 
sarily exposed to the radiation. The use of 
unshielded tubes resulted in overexposure of 
much of the body of both the patient and the 
operator. A common technique for checking 
the tube output was to place one’s left hand 
near the tube and examine it with a fluores- 
cent screen held in the right hand. As a re- 
sult, many early radiologists suffered from 
ulceration of the hands and eventually died 
from progressively spreading cancerous 
growths. With the proper use of modern 
shielded equipment today, radiation injuries 
are avoided. 

b. Safe standards of exposure established 
by the National Council on Radiation Pro- 
tection (NCRP) are available in a series of 
published handbooks. Radiation therapy 
technologists should be thoroughly familiar 
with the contents of these handbooks and 
insure that safety standards are met. 


15-2. Rationale of Radiation Therapy. Pen- 
tration and ionization are the most impor- 
tant characteristics of radiation which make 
it useful in the treatment of disease. The ion- 
izations caused by X-rays and gamma rays 
produce biological changes in both normal 
and abnormal cells. The extent of damage to 
living cells and tissues is related to the stage 
in the cell reproduction cycle when the dam- 
age occurs, the efficiency of repair mecha- 
nisms that tend to compensate for the dam- 
age, and other factors involved in the kinet- 
ics of cell population survival. What these 
factors are and how they are interrelated to 
affect tissue have been under investigation 
by radiation biologists for many years. The 
problem is complex and not yet fully under- 
stood. However, radiation biologists do know 


that normal and abnormal cells are affected 
differently by radiation. This differential 
response in cells to radiation has provided 
the basis for radiation therapy. The amount 
of tissue damage varies directly with the 
inherent radiosensitivity of the individual 
cells, but inversely with the regenerative 
capacity of the tissue. It is the combination 
of these two factors that the radiation ther- 
apist must consider in determining the dos- 
age that will be lethal to a tumor and yet 
spare the surrounding healthy tissue. 


15-3. Forms of Radiation Therapy. The ra- 
diation beam energies of interest to the ra- 
diologist range from the low-energy X-rays 
(80-140 kVp) for treating skin tumors to 
megavoltage beams (in excess of 400 keV) 
required for treating deep-seated tumors. 
Since considerable variation exists in the 
operating characteristics of different types 
and models of equipment, it is beyond the 
scope of this text to discuss operating in- 
structions, circuitry or components. There- 
fore, our discussion will concentrate on what 
is basically important about radiation in 
treatment—the characteristics of the X- 
rays produced and the control of their beam 
quality. 

a. For convenience, the various forms of 
radiation therapy. are categorized on the 
basis of the method used in applying the ra- 
diation. These categories include interstitial 
therapy, intracavitary therapy, and exter- 
nal beam therapy. 

(1) In interstitial therapy, the radiation 
source is positioned directly into the tissue 
to be treated. 

(2) In intracavitary therapy, the radia- 
tion source is introduced into the body cavi- 
ty to reach the tumor site. Since these two 
techniques are used relatively infrequently, 
they will not be dealt with in any detail. 

(3) External beam therapy, in which 
radiation is directed toward the surface, 
accounts for the major portion of treatment 
in therapy clinics. The devices used in this 
technique include X-ray machines, Van de 
Graaff generators, betatrons, linear acceler- 
ators, and radioactive nuclides such as co- 
balt-60, as gamma ray sources. For electron 
beam therapy the betatron and linear accel- 
erators can be used. However, when these 
devices are used as sources of electromag- 
netic radiation, they differ from the simplest 
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X-ray unit only in the energy of the radia- 
tion produced. 

b. All the devices mentioned generate 
beams of photons which can be compared on 
the basis of their quality and output level 
(quantity). The beam output level is a func- 
tion of the operating milliamperage and this, 
in turn, determines the length of time neces- 
sary to complete the treatment. However, 
many factors that affect beam quality and 
the mode and length of treatment must also 
be considered when dosage calculations for 
body tissues are made. 


SECTION B—DOSAGE CALCULATION 
FACTORS 


15-4. Introduction. Dosage calculations are 
based on factors that may be measured di- 
rectly or indirectly. Properties of an X-ray 
beam that can be measured directly are: (1) 
the quality of the beam emanating from the 
tube; and (2) the air dose rate. Since it is 
impossible to measure accurately the inten- 
sity of an X-ray beam at various points 
along its path through the body tissues, tis- 
sue dosage is determined in practice by indi- 
rect methods which will be discussed later in 
this chapter. 


15-5. Beam Quality and Half-Value Layer 
(HVL): 

a. To understand the concept of beam 
quality it is necessary to understand the 
principles of X-ray beam production. In 
an X-ray tube operating at 200 kVp, the 
peak kilovoltage is 200; therefore, the max- 
imum possible energy of X-rays produced is 
200,000 electron volts (200 keV). That 
means electrons boiling off the filament and 
accelerating to the anode acquire up to 
200,000 electron volts of energy to attain 
very high velocities. The sudden deceleration 
of these electrons as they penetrate into the 
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surface of the target and collide with the 
target material produces the X-rays. Fre- 
quently these collisions result in some elec- 
trons giving up only a part of their energy, 
thereby producing X-rays with less than the 
peak operating energy. Consequently, the 
output of an X-ray tube consists of X-rays 
ranging from a few electron volts up to the 
maximum potential at which the tube is oper- 
ating. This is known as the X-ray spectrum. 
The spectral distribution of the beam from 
an X-ray tube operating at 200 kVp, as plot- 
ted in figure 15-1, indicates that many X- 
rays have energies below 100 keV, while re- 
latively few have energies near the maxi- 
mum operating potential of the tube. 

b. When a 1 mm layer of aluminum is in- 
serted in the beam, the X-rays of very low 
energy are absorbed. The resulting energy 
spectrum is shown in figure 15-2. With the 
aluminum filter, this beam no longer con- 
tains the low-energy photons of 10 keV and 
below since they were absorbed. The beam 
would not be suitable for deep therapy, since 
most of the photons are still too low in ener- 
gy and thus not sufficiently penetrating. 

c. By adding more filtration, a harder or 
more penetrating spectrum is obtained, since 
only the higher-energy photons get through, 
as shown in figure 15-3. (The dotted line ex- 
tending back to the relative beam intensity 
ordinate corresponds to the one delineating 
the unfiltered spectrum in figure 15-1.) Added 
filters also considerably reduce the output of 
the tube or the quantity of X-rays produced. 
(The shaded area in figure 15-3 represents 
the X-rays absorbed.) Because of this loss of 
output from filtration, the operating voltage 
should be increased when a more penetrating 
beam is required. 

d. It is not practical to draw diagrams of 
the energy spectra from therapy units to 
indicate the quality of the beam. Moreover, 
the combination of operating kilovoltage 
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Figure 15-3. Spectrum of X-ray Beam Pro- 
duced by Tube Operating at 200 
kVp, With 1 mm Al + 0.25 mm 
Cu + 1 mm Sn Filter Added. 


plus the filtration added does not accurately 
describe beam quality, because of differences 
between one X-ray unit and another. The 
quality of an X-ray beam is usually de 
scribed in terms of its ability to penetrate 
some material of known composition. This 
penetrability is expressed in terms of the 
half-value layer (HV L), defined as the thick- 
ness of some standard material required to 
reduce the intensity of a beam to one-half of 
its original value. 

e. For example, to describe the quality of a 
200-kVp X-ray beam with a 1 mm Al + 0.25 
mm Cu +1 mm Sn filter added (figure 15-3), it 
iS necessary to measure the output of the 
tube in roentgens per minute (R/min) at some 
standard distance, usually 50 cm. We must 
then determine how much of an absorber 
must be placed in the beam to reduce the 
output to one-half of the original reading. In 
this case we might find that it requires 1 mm 
of copper to reduce the dose rate from 60 R/ 
min to 30 R/min. We would then say that our 
beam has a half-value layer of 1 mm of cop- 
per (HVL = 1 mm Cv). Note that this 1mm of 
copper placed in the beam to make this meas- 
urement is not considered a filter, since the 
unit will not be used to treat a patient with 
this absorber in place. Once the HVL has 
been determined, this additional absorber is 
removed. This HVL is then used to calculate 
dosage. 


15-6. Distance and Measurement of the Air 
Dose Rate: 

a. The air dose rate is measured directly 
with a Victoreen condenser R-meter inserted 
into the beam of a particular X-ray unit. In 
figure 15-4, the reading taken at a point 50 
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60 R/min 
Figure 15-4. Measurement of Air Dose Rate. 


cm from the focal spot of the tube indicates 
an air dose rate of 60/R/min. 

b. To illustrate the effect of distance on 
air dose rate, a second reading is taken of 
the same X-ray beam at a distance of 70 cm 
from the focal spot, as shown in figure 15-5. 
At this distance the air dose rate is found to 
be 30.6 R/min. 


c. The air dose rate varies at different dis- 
tances from the focal spot because of the 
geometric principle known as the inverse 
square law (see chapter 3). 


15-7. Determining Dosage Rates with Phan- 
toms. After the quality of the beam (HVL) 
and the air dose rate have been determined, 
the next step is to determine what the radia- 
tion dose rate would be if the beam were di- 
rected toward a patient positioned a given 
distance from the tube (focal spot). It is ob- 
vious that we cannot place a meter at var- 
ious points within the patient to determine 
the dose rate, so we must resort to indirect 
methods using a phantom. A phantom is a 
model that is used to determine dose rates at 
various points in living tissues. Generally, it 
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Figure 15-5. Comparison of Air Dose Rates. 
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is made of “tissue-equivalent” materials, 
which have radiation absorption and scatter 
characteristics similar to those of soft tis- 
sue. However, many types of phantoms are 
available, and the type selected for use de- 
pends upon the purpose for which the meas- 
urement is taken. Assume that figure 15-6 
represents a cross section view of a patient 
lying on a treatment table. The focal-spot- 
to-skin distance (FSD) is 50 cm. Using the 
available information provided by the meas- 
ured HVL and air dose, a therapist must be 
able to determine the radiation dose to be 
delivered to: 1) a tumor lying at some depth 
below the skin; 2) nearby organs and struc- 
tures; and 3) the skin. To make the necessary 
measurements, let us replace the patient in 
figure 15-6 with a relatively simple phantom, 
a block of tissue-equivalent presswood 30 X 
30 X 30 em in size (figure 15-7). 

. a. Effect of Backscatter on Surface Dose 

ate: 

(1) The same X-ray unit used in measur- 
ing air dose rates will now be used to meas- 
ure the surface dose rate at the same dis- 
tance (50 cm) from the focal spot, as shown 
in figure 15-7. However, when the meter is 
positioned at the surface, a reading of 81 R/ 
min, which is 21 R/min above the air dose 
rate of 60 R/min, is obtained (figure 15-4). 
How can this difference be explained? 

(2) This is due to backscattering of pho- 
tons from Compton interactions occurring in 
the phantom. Backscatter is the incremental 
difference between the air dose rate and the 
surface dose rate. Figure 15-8 shows a pho- 
ton from the primary beam not falling on the 


Fecal Spet 


50 cm 





. Skin 
| \\ 
u Cy Tumor 
me ao 86 pra ae Spinal Cord 





Figure 15-6. Cross Section View of Tumor in 
Patient. 
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81 R/min 





Figure 15-7. Measurement of Surface Dose 
Rate With Phantom. 


detector probe (hence, would not be regis- 
tered in an air dose reading), but interacting 
by Compton scattering at point P, after 
which the scattered photon is redirected 





Figure 15-8. Diagram of Radiation Scatter- 
ing. 
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toward the meter probe. Multiple scatter- 
ings of this type are responsible for the in- 
creased reading of 81 R/min at the surface 
from 60 R/min (the air dose rate). 

(3) The backscatter factor (BSF) may be 
expressed as the ratio of the surface dose 
rate (SDR) to the air dose rate (ADR) as fol- 


lows: 
_ Scatter dose rate (SDR) 
BSF = air dose rate (ADR) 
In this case 
61 
BSF = 60 
BSF =1.35 


In other words, when the exposure conditions 
in the above example were identical, the BSF 
Increased the dose rate at the surface by a 
factor of 1.35 over the air dose rate. The 
backscatter factor is not always 1.35 but 
varies as the exposure conditions are 
changed. The most important factors that 
affect backscatter are beam quality and size 
of the treatment field. 
b. Effect of Beam Quality on Backscatter: 
(1) The amount of backscatter present 
depends on the beam quality which, in turn, 
affects depth of penetration and the scatter- 
ing angle probability. This relationship can 
be seen in figure 15-9. 


(2) At low HVL values, penetration of 
soft beams into the phantom is very limited, 
thereby minimizing the effective volume 
from which scattered photons are redirected 
toward the meter probe. This limited pene- 
tration is the overriding factor in spite of 
the probability of backscatter in the direc- 
tion of the radiation source, as shown in 
figure 15-10. 


BACKSCATTER FACTOR 


2 1 23 
BEAM QUALITY (HVL in mm Cu) 


Figure 15-9. Relationship Between the Back- 
scatter Factor and Beam Quality for a 10x10 
cm Field. 
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Figure 15-10. Beam Quality and Backscatter. 
Low (A) and High (B) HVL Showing High 
Low Probability (respectively) of Backscatter 
Toward Radiation Source. 


(3) However, as the HVL value increas- 
es (harder beams), the backscatter factor 
also increases, since the beam is more pene- 
trating, giving a much larger effective vol- 
ume of scatter. At an HVL of approximately 
1 mm of copper, a maximum is reached. If the 
HVL is increased beyond this point, the 
backscatter is reduced. In this case, the sec- 
ond factor, which is the scattering angle 
probability, becomes the dominant factor 
and results in a greater tendency for scatter 
to occur in the forward direction, as shown 
in figure 15-10. 

c. Effect of Field Size on Backscatter: 

(1) As seen in the previous section, back- 
scatter increased as the effective scattering 
volume increased. Similarly, the backscatter 
factor increases as the treatment field in- 
creases (figure 15-11). 





Figure 15-11. Dependence of Backscatter on 
Field Size for HVL of 1mm cu. 
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(2) Inthe practical application of radia- 
tion therapy, backscatter factors are ob- 
tained from standard tables if the HVL of 
the beam and the area of the treatment field 
are known. Once the air dose rate is known, 
the surface dose rate is calculated by rewrit- 
ing the equation 
surface dose rate 


Backscatter factor = air dose rate 


in the formula 


Surface dose rate = Packscatter factor X 
: air dose rate. 


(83) This enables the radiotherapist to 
calculate the surface dose rate or dose rate 
to the skin without having to make measure- 
ae while the patient is on the treatment 
table. 


SECTION C—PROCEDURE CONSIDERA- 
TIONS 


15-8. Calculations of Depth Dose Rate: 

a. Dose rates at various depths in tissue 
are calculated in a manner similar to the 
way we arrived at surface dose rates. Dose 
rate readings are taken at various depths in 
a “tissue-equivalent” phantom, as illustrat- 
ed in figure 15-12. 

b. If a dose of 81 R/min delivered to the 
surface is expressed as a 100 percent dose, 
then the dose delivered to specific depths of 
tissue may be expressed as a percentage of 
the surface dose rate, commonly referred to 
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Figure 15-12. Depth Dose Measurements in a 
Phantom. 


as the percentage depth dose. The percent- 
age depth dose is defined as the ratio of the 
dose rate at a given depth to the dose rate at 
the surface. Applied to the reading taken at 
2 cm below the surface in table 15-1, the 
depth dose is determined as follows: 


Percentage depth dose = qoose rate at d rate at depth 
ose rate at surface 
—_— 76 
81 
= 0.94 
c. Commonly expressed as a percentage, 


this value becomes a percentage depth dose 
of 94 percent. The rest of the values for per- 


Table 15-1. Percentage Depth Doses for a 10 X 10 cm Treatment Field and a Beam HVL of 


Imm cu and FSD of 50 cm. 


Depth in Phantom 
(in cm) 


0 (surface) 


Z 


Meter Reading 
(R/min) 0 





Percentage Depth Dose 
(4) 
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centage depth dose shown in table 15-1 were 
calculated in the same manner from the 
measured dose rates at various depths in the 
phantom. 

(1) Problem: What would the dose be toa 
point 10 cm below the surface of the phan- 
tom, if a 10 X 10 cm treatment field and a 
beam HVL of 1 mm Cu are used, the surface 
dose rate is 81 R/min, and the total exposure 
time is 5 minutes? 

(2) Solution: First determine the dose 
rate at a point 10 cm deep during exposure 
by rearranging the above formula: 


__ dose rate at depth 
Percentage depth dose = 7 ooo te at surface 


surface dose rate x 
pose ayaa ue Pun percentage depth dose. 
Dose rate 81 R/min X 0.33 (from 


at depth = depth dose data in table 15-1). 


Dose rate at depth = 27 R/min. 


Since the total dose is the product of dose 
rate multiplied by time (dose at depth = dose 
rate X time), 


Dose at depth = 27 R/min X 5 min = 135 R. 


d. Note that the percentage depth doses 
determined from the meter readings taken 
within the phantom are valid for calculating 
depth doses only if all the original exposure 
conditions remain unchanged. To increase 
the usefulness of the data, similar sets of 
depth dose readings should be taken to calcu- 
late percentage depth dose values for var- 
ious field sizes. The results of these types of 
measurements are commonly listed in tabu- 
lar form (table 15-2). 
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e. This table enables the therapist to cal- 
culate depth doses for various field sizes, but 
only with the given conditions where the 
treatment distance is 50 cm and the beam 
HVL is 1 mm Cu. A separate percentage 
depth dose table must be constructed for 
each combination of treatment distance and 
beam quality. A modern radiation treatment 
center might routinely use 100 or more dif- 
ferent depth dose tables, depending on the 
types of equipment is use. 

f. Many depth dose tables have been pub- 
lished in radiology references. With these 
and the backscatter factor tables, the ra- 
diotherapist is able to calculate the radia- 
tion dose delivered to organs and tissues ir- 
radiated during therapy. 


15-9. Treatment Planning: 

a. Once the mechanics of dose calculations 
are mastered, the next step will be treatment 
planning. It involves applying techniques 
that will deliver a maximum dose to the tu- 
mor but a minimum radiation dose to the 
surrounding healthy tissues. 

b. Standard depth dose tables list the per- 
centage depth dose for various beam HVL’s, 
focal-spot-to-skin distances (FSD), and 
treatment field sizes. From these tables, the 
radiologist must determine the appropriate 
combination of factors which will result in a 
tumor dose that will be greater than the skin 
dose. As a matter of fact, within the limits of 
conventional radiation quality and treat- 
ment distances, the tables indicate that 
healthy tissues lying between the tube and 
the tumor will always be subjected to a high- 
er radiation dose than the tumor to be de- 
stroyed. Yet in spite of this basic fact, the 


Table 15-2. Percentage Depth Doses for Fields of Various Sizes (Given a Beam HVL of 1mm 


cu and FSD of 50 cm). 


Field Size 
(in cm-~) 


Depth 
(in cm) ou 50 





0 10U 100 
< 83 90 
4 Gg 71 
6 44 52 
8 l 38 
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therapist must find some way of delivering a 
lethal dose of radiation to the tumor and, at 
the same time, spare the healthy tissues 
lying above it. 

c. To illustrate this problem, let us reex- 
amine figure 15-6 which presents a cross- 
section view of a tumor in a patient to be 
treated with radiation. Treatment planning 
begins with the preliminary decisions con- 
cerning the size of the treatment field and 
the beam quality to be used. The size of the 
treatment field is determined by the position 
and size of the tumor to be irradiated. The 
tumor in this figure is 10 cm deep. A6 X 6 cm 
field will be large enough to include the en- 
tire tumor for treatment. Selection of beam 
quality is determined by the tumor depth and 
the types of therapy units available. In this 
case, the decision has been made to treat the 
tumor with a cobalt-60 teletherapy unit. The 
next factor to be determined is the treatment 
distance. Short treatment distances give 
high dose rates and correspondingly shorter 
treatment periods. However, the shorter 
treatment distance gives a less favorable 
percentage depth dose. The compromise se- 
lected by the therapist here is a 50 cm treat- 
ment distance. 


15-10. Multiple Portal Technique. In brief, 
the following preliminary decisions have 
been made regarding treatment: 


Treatment field 36 cm2 
Tumor depth 10 cm 
Treatment beam cobalt-60 
FSD 50 cm 


a. The radiologist now decides to deliver a 
tumor dose of not less than 6000 R, but wish- 
es not to exceed a skin dose of 4200 R. From 
depth dose tables for cobalt-60, the percent- 
age depth dose at 10 cm with a field size of 36 
cm2 is 48 percent. The dose delivered to the 
tumor is calculated as— 


_ surface dose X percentage 
Depth dose = epth dose 


Depth dose = 4200 R X 0.48 = 2016R 


Using maximum tolerable skin dose of 4200 
R, the radiologist can direct the beam as 
shown in figure 15-13 and deliver 2016 R to 
the tumor. 


b. A second portal with a beam enterin 
from a different angle is selected and an ad- 
ditional 2016 R is delivered to the tumor be- 
fore the skin dose reaches the permissible 
limit (figure 15-14). The total tumor dose is 
row 2016 R + 2016 or 4032 R, but the maxi- 
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Figure 15-13. First Portal Tumor Irradia- 
tion. 


mum skin dose to either treatment field has 
not exceeded 4200 R. 

ce. A third portal may be established by 
repositioning the source to the left side of 
the patient, thus delivering another 2016 R 
to the tumor with the skin dose at each treat- 
ment field kept at 4200 R. 

d. In actual practice, the treatment is 
fractionated and commonly delivered over a 
period of weeks rather than given all in one 
visit. Protocol for the above example might 
have been designed to deliver the 6000 R 
tumor dose over a treatment period of 6 
weeks (5 days per week). This means that the 
patient is treated on 30 different days. Each 
individual treatment is timed to deliver a 
tumor dose of 200 R and a skin dose of ap- 
proximately 420 R. On successive days the 
three portals of treatment are alternated. 
Since the dose is not given all at one time but 
accumulated over many visits, the position- 
ing of the patient is critical and must be ex- 
actly the same every time. 


Skin Dose 4200 





Figure 15-14. Second Portal Tumor Irradia- 
tion. 
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e. For this reason, accurate records must 
be kept for each treatment given. These con- 
siderations will be presented in the following 
paragraphs on radiation therapy routine 
and procedures. 


15-11. Preliminary Procedures. When a pa- 
tient initially arrives at the radiologist’s 
office in the therapy section, all pertinent 
medical records (clinical chart or outpatient 
chart, consultation requests, X-ray films, 
laboratory reports, etcetera) should be 
available for the radiologist to study. He 
then examines the patient to decide whether 
radiation therapy will be beneficial. If so, he 
makes the final decision concerning the type 
of therapy to be given and develops the 
treatment plan. 


15-12. The Technologist’s Role in Radiation 
Therapy. The therapy technologist adminis- 
ters prescribed treatment under the direct 
supervision of a qualified radiologist. In this 
situation the technologist serves as an as- 
sistant to the radiologist, who is responsible 
for all patient treatment. The technologist 
must fully understand his responsibilities 
and his limitations in all matters related to 
patient care and treatment. He must also be 
familiar with the operation and care of dif- 
ferent kinds of equipment used for radiation 
therapy. 

a. The technologist should always be con- 
siderate and sympathetic, practicing the 
‘“‘solden rule’ and trying to imagine himself 
in the patient’s position. The patient, partic- 
ularly during the initial treatment experi- 
ence, may understandably be apprehensive 
and require reassurance. Often the radiation 
therapy administered is palliative for seri- 
ously ill patients in the terminal stages of 
cancer; frequently these patients are emo- 
tionally disturbed. Particularly in such cas- 
es, an understanding of their attitudes is 
essential. 

b. Before therapy is initiated, the patient 
should be informed of the body areas to be 
treated and for how long, symptoms he may 
expect from the treatment, the equipment to 
be used, and how he will be positioned in rela- 
tion to the equipment. 

ce. The technologist must not discuss the 
patient’s condition with him or his family; 
questions of this nature should he referred 
to the radiologist in charge of the case. 
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d. Since there is considerable variation 
among different machines used for radiation 
therapy, it is extremely important that the 
technologist know how to operate any unit 
used, lest a patient become seriously injured 
with improper use. In addition, expensive 
equipment may be permanently damaged. 
For example, improper operation of an inter- 
mediate voltage unit for even a few minutes 
could ruin a therapy tube, which would cost 
several thousand dollars to replace. 


15-13. Guidelines for Radiation Therapy 
Technologists. When called upon to assist 
the radiologist in administering radiation 
therapy, the technologist should observe the 
following procedures: 

a. Carefully study the proper operating 
procedures for the particular unit to be used 
for the treatment, and carry them out metic- 
ulously. 

b. When giving a treatment, constantly 
monitor the control console. If any unusual 
variation occurs, immediately call it to the 
attention of the radiologist. 

c. When the X-ray tube is in operation, DO 
NOT CHANGE the settings of the autotrans- 
former, because arcing across the contact 
points may result in damage to the unit. 

d. Exercise extreme care in positioning 
patients to insure that they are placed in a 
restful position and under no physical strain 
to hold themselves still. This may be accom- 
plished by judicious use of sandbags and 
other restraining devices. With child pa- 
tients, proper restraint may also be neces- 
sary. 

e. If possible, shield all areas of the body 
exposed to the X-ray field but not incident to 
the treatment. A visual localizer attachment 
on the therapy unit indicates only the area 
under treatment. Shielding may be accom- 
plished by using lead blocks with various- 
size openings or with various-size cones 
which restrict the field of treatment. It is 
especially important to protect certain sen- 
sitive tissues such as the eyes, larynx, ear- 
lobes and hairline, and flexural surfaces 
such as the neck, groin and popliteal areas. 

f. To avoid injury to the patient, exercise 
extreme care when adjusting the X-ray unit, 
especially when heavy apparatus is being 
used. 

g. Constantly observe the patient and the 
controls of the therapy unit. If the patient 
should move, terminate treatment 1mmedi- 
ately and reposition him. 
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Chapter 16 
FIELD EQUIPMENT 


16-1. Basic Considerations: 

a. Environmental conditions during mili- 
tary operations necessitate special design 
and characteristics for field X-ray equip- 
ment. All items must withstand transporta- 
tion and storage at temperatures ranging 
from -50°F to +150°F, as well as wide ranges 
in humidity. 

b. Due to rough handling of equipment 
during wartime operations, exceptional rig- 
idity is required, and specially designed 
packing arrangements are necessary to 
afford protection against shock, moisture, 
and corrosive agents. 

c. Projecting parts and parts that may 
become lost must be kept to a minimum. 

d. It must be possible to assemble, disas- 
semble, pack, and unpack quickly all field X- 
ray units. 

e. Tools for emergency repair and suffi- 
clent spare parts, together with adequate 
instructions, must be provided to facilitate 
repair. 

f. Standardization and interchangeability 
of all parts, such as shockproof cable ter- 
minals and X-ray tube inserts, must be 
achieved, so far as is practicable. 

g. There should be versatility of adapta- 
tion to the extent that each piece of equip- 
ment may function not merely for a single 
purpose but for several requirements and 
installations. 

h. Since the power available in theaters of 
operation is normally supplied by engine 
generators, special design is necessary to 
best utilize such power sources. 

1. In field operations, water supply is often 
inadequate for conventional film processing. 
This imposes certain design limitations on 
processing equipment and necessitates the 
use of special processing techniques requir- 
ing minimum amounts of water (chapter 7), 
or a method of instantaneous dry processing 
wherein special equipment must be utilized 
(paragraph 16-13). 

j. In fixed hospitals, combination radi- 
ographic and fluoroscopic units may closely 
resemble large commercial units, with only 
Such changes as will facilitate shipping, as- 
Sembly, disassembly, and repair and replace- 
ment of worn or damged parts. Equipment 
for mobile hospitals (or medical installa- 
tions) is much lighter and of a simpler de- 
Sign, since at times it must be moved quickly 
and, in some instances, by hand. 


16-2. Table , Field, X-ray Apparatus: 

a. The field X-ray table (figure 16-1) is 
lightweight, yet rigid in either the packed or 
assembled position. It forms its own packing 
case. The front panel (lid) and bottom of the 
chest fold together to form a complete carry- 
ing case for all parts of the table and tube 
stand. For the usual field handling no crat- 
ing is necessary, but for long hauls each item 
should be protected against rough handling 
by placing it in a case designed for that pur- 
pose. The construction of the unit is such 
that assembly or disassembly or packing for 
transportation can be done very rapidly, and 
without the use of tools of any kind. Detailed 
instructions covering the packing arrange- 
ment of the parts in the carrying chest and 
the method of assembly and disassembly are 
contained in the instruction manual which 
accompanies each unit. 

b. This apparatus has been designed to 
provide a wide range of operation with mini- 
mum weight and volume. It is quickly adapt- 
able to all standard techniques, including 
either horizontal or vertical fluoroscopy or 
radiography. The lightweight reciprocating 
Bucky is of simplified design and slides along 
rails that form a part of the table frame- 
work. One drawback of the table is that the 
Bucky cannot be used in the vertical posi- 
tion. The tube stand may be moved trans- 
versely as well as longitudinally, and 360° 
rotation is provided by a revolving vertical 
mast. Fluoroscopic range of travel of the 
focal spot is approximately 53 1/4 inches 
longitudinally and 10 inches laterally. The 
maximum focal-spot to tabletop distance is 
from 35 3/4 to 39 inches, depending upon the 
type of tube that is used. 


16-3. X-ray Apparatus 50/100 mA, 90 kVp: 

a. General Description. This item is espe- 
cially designed to fulfill the requirements for 
taking X-rays in forward areas or wherever 
the use of cumbersome X-ray units would be 
impractical. While designed primarily for 
use with the field X-ray table (paragraph 16- 
2), it is so constructed that when assembled 
with the mobile-portable tube stand, (see 
figure 16-2), it can be converted into a mobile 
X-ray unit for use in cases where the patient 
cannot be transported to the X-ray clinic. 
The flexibility of the tube head is such that 
this unit can be adapted for radiography or 
fluoroscopy. The units which make up this 
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set are designed for semipermanent opera- 
tion in conjunction with the table assembly 
or tube stand unit. Each unit is individually 
packed and protected in a specially designed, 
reusable shipping chest for easy handling 
and transportation (tubehead and cable as- 
sembly is shown in figures 16-3 and 16-4). 
? Precautions and detailed instructions per- 
el taining to assembly, operation, and mainte- 
nance of the apparatus are contained in the 
manual packed with the unit. 

b. Control Unit. This unit is the central 
connection point for the cables from the var- 
lous units. It contains operating and check 








Figure 16-1. Table, Field. 





Figure 16-3. X-ray Apparatus 50/100 mA, 
90 kVp (Tubehead and Cables in Case). 











; Pia Sigh een yee Wess Figure 16-4. X-ray Apparatus 50/100 mA, 
Figure 16-2. Mobile X-ray Unit. 90 kVp (Tubehead and Cables Out of Case). 
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switches, timer, meter adjustments, and cir- 
cuit breaker safety device for the high ten- 
sion transformer. 

c. Transformer. This unit contains a high 
tension transformer and filament transform- 
er which operate in conjunction with the con- 
trol unit to supply the power for generating 
X-rays and the low voltage requirements of 
the X-ray tube filaments. 

d. Tube Unit Assembly. Main component 
of this unit is a double-focus, double-tilt, 
stationary anode tube. 

e. Collimator. The collimator controls the 
size and shape of the X-ray field by means of 
calibrated dials. Field coverage is indicated 
by the collimator light, which is angled to 
coincide with the X-ray beam. The remote 
control shutter lever, when connected to this 
unit, adjusts the shutters during fluorosco- 


py. 

f. Rectifier Assembly. The _ rectifier 
changes the AC output of the high tension 
transformer to pulsating DC for full-wave 
operation. This doubles the tube current 
from 50 mA (self-rectification) to 100 mA 
without increasing primary power demands. 

g. Tube Stand Unit. This unit (figures 16-5 
and 16-6) is constructed so that the 50/100 
mA X-ray apparatus is adaptable into a 
mobile X-ray unit (see figure 16-2). It con- 
sists of a mobile base upon which is mounted a 
rotatable mast. A horizontal telescoping 


section of the mast serves as a support for. 


the tube unit and collimator. The base is re- 
cessed to hold the transformer upon which 
the control unit secured. A place to secure 
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Figure 16-5. Tube Stand Unit, Mobile-Port- 
able (in Carrying Case). 
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Figure 16-6. Tube Stand Unit, Mobile-Port- 
able (Removed From Case). 


cassettes 1s provided and cables are suspend- 
ed from hooks on the mast. 


16-4. 100 mA, 100 kVp, X-ray Apparatus (For 
Use With Field X-ray Table): 

a. This unit (figures 16-7—16-11) consists 
of four components—(1) control unit; (2) 





Figure 16-7. Control Unit, 100 mA, 100 kVp. 
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Figure 16-8. Transformer, 100 mA, 100 kVp. 


transformer; (3) tube unit assembly; and (4) 
cable assembly and radiographic cone set. 
Each component is packed in a reusable ply- 
wood case. An instruction manual contain- 
ing detailed instructions as to assembly and 
disassembly, operation, and maintenance 
accompanies each component. 

b. The control unit (figure 16-7) utilizes 
aluminum wherever possible to reduce 
weight, and is equipped with recessed carry- 
ing handles so that it can be carried short 
distances by two persons. For maximum ac- 
cessibility, the rear panel is removable, ex- 
posing the major components of the control. 
The two side panels are likewise removable 
to permit easy access to the major accessory 





Figure 16-9. Tube Unit Assembly, Rotating 
Anode, 100 mA, 100 kVp (Packed). 
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Figure 16-10. Cable Assembly and Radi- 
ographic Cone Set. 


units. The control unit is electronically sta- 
bilized. Safety features include the various 
fuses and a reset-type circuit breaker. 

c. The high tension transformer (figure 16- 
8) differs from conventional equipment in 
that it utilizes a gas, sulfur hexafluoride 
(SF¢), as an insulating medium instead of the 
conventional transformer oil, thus saving 
about 150 pounds in weight. This nonflamm- 
able, odorless, nontoxic gas has approxi- 
mately five times the density of air and has 
the further advantage that its insulating 
properties are not greatly affected by slight 
contamination with air. Since the gas is used 
at atmospheric pressure, the usual problems 
of high-pressure containers are not encoun- 
tered. If the insulating gas is lost and a new 
supply is not available, transformer oil may 
be used as the insulating medium. The four 
rectifying valve tubes utilized in the trans- 
former are designed for use in gas, and are 
sufficiently rugged that they may be left in 
place during transportation. The transform- 
er is therefore ready for immediate opera- 





Figure 16-11. 100 mA, 100 kVp, X-ray 
Apparatus (Assembled). 
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tion upon connection with the control and 
tube units. In case of damage to the valve 
tubes, the transformer can be used with two 
valves for half-wave operation, and without 
valves for self-rectification at reduced rat- 
ings. 

d. The rotating anode tube (figure 16-9) is 
air and oil cooled. It has two filaments, and is 
so designed that when one filament burns 
out, a simple manual changeover. located on 
the transformer, permits use of the other 
filament until replacement can be made. It is 
designed to operate properly with the large 
tilting table or with the field X-ray table 
(paragraph 16-2). 

e. The cable assembly and radiographic 
cone set are shown in figure 16-10. The cable 
assembly consists of one 10-foot and one 50- 
foot three-conductor line cable assembly and 
two 20-foot multiple conductor interconnect- 
ing cables. The radiographic cone set cons- 
ists of one small flared cone and one 
extension cone. 

f. In conjunction with the field X-ray table 
(figure 16-11), this unit can be used for con- 
ventional fluoroscopy and radiography. It 
provides 100 kVp and 100 mA for radio- 
graphy and 1 to 5 mA for fluoroscopy. It is 
designed to operate from power lines which 
will deliver 190 to 250 volts at 50 to 60 cycles 
AC, or 95 to 125 volts at 50 to 60 cycles AC. 


16-5. X-ray Apparatus, Radiographic Medi- 
cal, 2 mA, 120 kVp. This X-ray apparatus is a 
self-contained transportable unit, capable 
of operating under a variety of field condi- 
tions. The complete system consists of a tube 
transformer, a power unit, a control timer 
unit, a tube stand and cassette holder, and 
an auxiliary battery charger. When proper- 
ly packed in the reusable containers, the X- 
ray system is capable of being air-dropped 
into remote locations. The system, without 
packaging, weighs 77.5 pounds. The com- 
plete system with associated packaging 
weighs 100 pounds (See figures 16-12 and 16- 
13). 

a. Tube Transformer Unit. (See figures 16- 
12 and 16-13). The tube transformer unit 
consists of an aluminum cylinder containing 
a high tension transformer, X-ray tube, heat 
radiator, pressure gauge, insulation gas, 
and lead shielding. The primary of the trans- 
former is energized a a voltage of 110 volts 
root means square (effective voltage) and a 
frequency of approximately 400 cycles per 
second. This produces a theoretical second- 
ary voltage of approximately 120 kVp ata 
tube current of 2 mA. The cathode or fila- 
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Figure 16-12. X-ray Apparatus, 2 mA, 120 
kVp (in Carrying Case). 


ment of the X-ray tube is at ground potential 
and is heated directly by the batteries 
through a voltage regulator in the power 
unit. Lead shielding, meeting US Bureau of 
Standards specifications for diagnostic X- 
ray equipment, lines the inside of the hous- 
ing. The unit housing is an aluminum cylin- 
der. Sulfur hexafluoride gas at 60 pounds per 
square inch at 70°F insulates the tube and 
transformer within the housing. A material 
thickness of 0.080 inch at the point of beam 
emergence serves as 2 mm of aluminum 
thickness for absorption of soft X-radiation. 





Figure 16-13. X-ray Apparatus, 2 mA, 120 
kVp (Removed From Carrying Case). 
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b. Power Unit. (See figures 16-12 and 16- 
13). The power unit consists of a ten-cell, 20- 
volt battery; 112-volt, 400-CPS inverter 
with an integral voltage regulator; and two 
battery chargers; one for the filament cells 
and one for the inverter cells. Of the 10 cells 
in the battery, four cells provide filament 
voltage to the X-ray tube while all 10 pro- 
vide power to the inverter. The total no-load 
voltage for a fully charged battery shall not 
be less than 12 volts across the six-cell sec- 
tion and not less than 8 volts across the 
four-cell filament voltage section. Under 
load conditions, the total voltage of all ten 
cells is approximately 19 volts. The front 
panel of the power unit is provided with a 
meter for indicating the condition of the bat- 
tery during X-ray exposure, safety timer, 
power switch, battery charger switch, and 
fuse holders. A switch on the rear panel per- 
mits selection of 110 or 220 volts for charg- 
ing depending on service available. 

c. Time control Unit. (See figures 16-12 
and 16-13). The electronic timer is a solid- 
state unit which provides for selection of 
two timing ranges. The long range, 12 sec, 
allows time selection from 1/4 to 12 sec. The 
short range, 6 sec, allows timing selections 
from 1/8 to 6 sec or one-half the calibrated 
time scale. Thus, if the selector knob is set at 
10 sec and the switch is set on the short 
range, 6-sec position, the actual exposure 
time will be 5 sec. The timer is marked 0.25, 
0.50, and from 1 to 12 increments of 1 sec. A 
vernier control knob is provided to permit 
the milliamperage to be set at 2 mA; care 
must be exercised to maintain this setting. 
The operation of the unit is based on this 
particular miliamperage value since the 
output of the inverter is based on a resonant 
circuit. 

d. Tube Stand. (See figures 16-12 and 16- 
13). By virtue of a design utilizing four sup- 
port legs instead of three, stability is 
achieved for any position of the tube trans- 
former unit. The four-leg design permits pos- 
itioning of the stand close to a table, bed, or 
litter. A spring is incorporated in the verti- 
cal columm to counter the weight of the tube 
transformer unit. 

e. Filling, Installing, and Charging of 
Battery. The battery is 20 volts and is 
shipped from the manufacturer without elec- 
trolyte. In order to fill the battery you must 
remove the tape from the vented filler plugs 
and remove the filler plugs. Fill to one-fourth 
inch of water level with full strength electro- 
lyte as supplied. This electrolyte solution 
has a specific gravity of 1.20 at 80°F. Do not 
overfill. Let the battery stand, 1 to 4 hours, 
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then fill with distilled water or water made 
available for use in motor vehicle batteries. 
Water should be maintained at the indicated 
level. Too high a level will defeat the spill- 
proof feature of the battery while low water 
level will damage the battery. After the fill- 
ing process has been completed the battery 
may be charged. There are two methods to 
accomplish this: the internal and the exter- 
nal methods. 

(1) Internal battery charging is accom- 
plished as follows: 

(a) Set power switch to OFF. 

(b) Select power source, either 110V 
or 220V AC. 

(c) On the rear panel of the power 
unit, a selector switch is marked 110 and 220. 
Set selected power source. 

(d) Plug power unit into selected pow- 
er source. 

(e) Place power switch to OFF. 

(f) Place the Power unit charger 
switch to the ON position. Charging time is 8 
hours from a fully discharged to a fully 
charged condition. 

(2) External battery charging is accom- 
plished as follows: 

(a) Set switch on auxiliary charger 
and battery adapter to OFF. 

(b) Remove battery from case. 

(c) Connect battery plug to polarized 
plug of charger. Connect polarized plug of 
power unit to auxiliary charger. 

(d) Connect auxiliary charger and 
battery adapter positive (Red) and negative 
(Black). Clip leads across a 24-volt combat 
vehicle battery. Connect the third (White) 
clip lead to the 12-volt terminal. 

(e) Set charging rate control, on auxil- 
lary charger, to (MIN) and set switch to 
charge position. (Caution: Do not change 
setting once charging begins.) 

(f) Adjust charging rate control so 
that meter indicates two amperes. Charging 
time is also 8 hours. 

(3) After 45 minutes of charging, ap- 
proximately a 5-sec exposure may be made. 
At the end of 1 hour of charging, approxi- 
mately a 1 minute exposure may be made. 

f. Assembly and Disassembly. No special 
tools are needed to assemble or disassemble 
the X-ray apparatus; the entire unit may be 
assembled or disassembled by one person in 
only a few minutes. Remove the tube stand 
from the carrying case and disengage the leg 
supports from their folded position. Secure 
the legs by tightening the sliding clamps on 
the column support. Do not release the safe- 
ty cable on spring-loaded column until trans- 
former is secure and in place on the column 
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support. Place the tube cradle on column 
using the hole furthest from tube transform- 
er mounting clamp. Remove tube transform- 
er from carrying case and place in tube cra- 
dle (match index mark), and tighten clamp 
until it is secure yet can be rotated for orien- 
tation. Check all clamps for security and re- 
lease the safety cable. Secure cassette hold- 
er, if required, to column support, using ad- 
justable casting, and tighten clamp. Connect 
cable from the timer control to rear of power 
unit. Ensure connections are tight. Connect 
cable fromthe power unit to tube transform- 
er unit. Ensure connections are tight. To 
disassemble the reverse order is followed. 
The safety cable must be in place before the 
tube transformer is removed. 

g. Operation. If powerline is available, use 
either 110V or 220V AC (make sure the select 
switch is on proper voltage); if not, use the 
battery. When the X-ray apparatus is as- 
sembled as described above, the unit may be 
turned on. Before a patient is X-rayed, a test 
exposure should be made to adjust the mA. 
Set the safety timer on front panel of power 
unit to 30 sec. Set power switch to ON posi- 
tion. Set long range toggle switch to long 
range and set timer switch to 10 sec; make an 
exposure and adjust the mA to two. The mA 
will have to be readjusted as the battery de- 
creases in power. Approximately 1000 1-sec- 
ond exposures can be made before recharg- 
ing the battery. 


16-6. Chest, X-ray Film Protective. The film 
chest (figure 16-14) has an inner lining of 
sheet lead (1/32 inch in thickness) which pro- 
vides protection for unexposed X-ray film 
and cassettes with film. It will accommodate 
cassettes from 8 X 10 inches to 14 X 17 inch- 
es. 


16-7. Cassette Changer, Field Type, Light- 
weight, 110 Volt, 60 Cycle AC, With Carrying 
Case. This item, figure 16-15, accommodates 
14 X 17 inch cassettes. It has a gravity-driv- 
en vertical shift and an electromagnetic re- 
lease mechanism. Height adjustment is ac- 
complished by means of a self-locking crank 
and ratchet. 


16-8. Screen, X-ray Protective, Field Type, 
Folding, With Carrying Case. This item (fig- 
ure 16-16) has a protective valve of 0.6 lead 
equivalent. It is provided for the protection 
of operators using X-ray and photofluoro- 
graphic equipment, and its proper use must 
be observed. 
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Figure 16-14. Chest, X-ray Film Protective. 


16-9. Darkroom, X-ray Portable, Tent-Type 
Lightweight, Field: 

a. The portable X-ray darkroom (figures 
16-17—16-19) is especially designed for the 
processing of X-ray film in forward areas. It 
is easily transportable and may be erected 
either outside or under cover. The tent is 
approximately 7 feet long, 5 feet wide, and 7 
1/2 feet high at the peak of the frame. The 
lighttight working area on the inside of the 
tent is large enough to accommodate the 
combination-type cassette-film transfer cab- 
inet, an X-ray film processing tank, and a 
drier. 

b. The portable X-ray darkroom consists 
of two components: (1) a canvas case con- 
taining the tent covering, frame, stakes, and 
ropes; and (2) a metal case containing a 110- 
volt, 10-watt, 60-cycle AC exhaust fan, four- 
outlet receptacle cord, fan cord with switch, 
and a tent repair kit. Step-by-step diagram- 
matic instructions as to the assembly and 
disassembly of the tent and installation of 
exhaust fan, four-outlet receptacle cord, and 
cassette-film transfer cabinet are appended 
on the inside of the lid of the metal case. 

c. The tent proper is made of a rubberized 
fabric. It has a custom-fitted opening provid- 
ed with a lighttight zipper. An inner curtain 
falls into place behind the opening when the 
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Figure 16-15. Cassette Changer, Field, 110 
Volt, 60 Cycle AC. 


tent is erected. The cassette-film transfer 
cabinet is installed in a sponge-rubber seal- 
ing collar in the tent fabric. The exhaust fan 
is hooked onto the roof frame at the poster- 
ior end of the side wall of the tent, and is in- 
stalled in a lighttight opening in the tent 
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Figure 16-16. Screen, X-ray Protective, Fold- 
ing, Field. 


fabric. The four-receptacle outlet cord hooks 
onto the roof frame inside the tent. Light- 
tight vents are provided for the insertion of 
water lines and electric circuits. Ventilation 
is provided by five louver-type air vents, two 
in each side and one in the rear of the tent. 





4 








f 





AFM 160-30/TM 8-280/NAVMED _ P-5119 1 August 1974 16-9 





Figure 16-17. Darkroom, Tent Type, Light- Figure 16-19. Cassette-Film Transfer Cabi- 
weight Field. net (Exterior View). 


16-10. Tank, Master, X-ray Film Processing, 
Air-Cooled, 3-Compartment, Field, 110-Volt, 
60-Cycle AC. This item (figure 16-20) accom- 
modates X-ray film up to and including 14 X 
17 inches. It has two removable 5-gallon in- 
sert tanks and one fixed 10-gallon wash tank. 





Figure 16-18. Cassette-Film Transfer Cabi- Figure 16-20. Tank, Master, X-ray Film 
net (Interior View). Processing. 
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It has a self-contained cooling and heating 
unit, water circulator pump, plumbing 
connections, hanger brackets, and cover. 


16-11. Drier, X-ray Film, Field Type, 110- 
Volt, 60-Cycle AC. This drier is of the top- 
loading type and is mounted on a folding 
stand (figure 16-21). It accommodates hang- 
ers for medical radiographic film up to and 
including 14 X 17 inches (capacity, 18 film 
hangers). 


16-12. Cabinet, Cassette-Film Transfer, 
Combination Type. This item is for use in 
passing loaded cassettes and wet or dry film 
in and out of the portable X-ray darkroom 
described and illustrated in paragraph 16-9. 
It is approximately 32 inches long, 21 1/2 
inches wide, and 36 1/2 inches high, and cons- 
ists of a two-compartmented, lead-lined, cas- 
sette-transfer section, a lead-lined film stor- 
age drawer, and a wet-film transfer section. 
The plastic top serves as a work table. The 
cabinet is inserted into a specially designed 
lighttight sponge-rubber sealing collar situ- 
ated in the left side of the darkroon tent, 
close to the entrance. 


16-13. Processing Machine, Radiographic 
Paper and Developer Assembly, 110-Volt, 60- 
Cycle AC (Polaroid): 

a. This item (figures 16-22—16-24) con- 
sists of an electrically operated processing 
machine, three cassettes, spare parts and 
tools, and an instruction manual, all of 
which are contained in a single carrying 
case. It is designed for the dry processing of 
radiographic paper and developer assembly, 
which consists of transfer paper and devel- 
oping agent in an opaque envelope. The spe- 





Figure 16-21. Drier, X-ray Film, Portable. 





Figure 16-22. Processing Machine, Radio- 
graphic Paper and Developer Assembly (in e 
Carrying Case). 





Figure 16-23. Processing Machine (Removed 
From Case). 
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Figure 16-24. Processing Machine With Load- 
ed Cassette. 


cial cassette has an exposure area of 9 3/8 X 
10 1/2 inches and is designed to accommodate 
the special film packet. The processing pro- 
cedure is relatively simple. The special cas- 
sette is loaded with the film packet and the 
exposure is made. Following exposure of the 
film packet, the cassette is put into the elec- 
trically operated processing unit, where 
development takes place. (See operating 
manual provided with the unit for proper 
procedure.) After approximately one minute, 
depending upon the type of film, the process- 
ing unit is opened, and the finished radi- 
ographic copy is ready for use. The process 
may be conducted in temperatures from 32° 
to 130°F, and can be performed in daylight. 
It has the advantage of permitting the radi- 
ograph to be viewed within a few minutes 
after exposure without the necessity of the 
regular darkroom facilities. 


b. The polaroid processing unit is a me- 
chanical device. Basically, it pulls the film 
packet from the cassette through a set of 
rollers and by squeeze action distributes the 
processing solution in the film packet be- 
tween the negative and the receiving sheet to 
initiate the processing cycle. 

ec. The polaroid film packet is similar to 
polaroid photographic film in that it has its 
own supply of processing chemicals. This 
makes it self-developing and eliminates the 
need for processing tanks. 
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d. The processed film does have to be coat- 
ed with a polaroid print coater supplied with 
the film. Instructions are also included. 

e. There are currently three types of pola- 
roid film. They are 1001, 3000X, and TLX. 
The processing time required for each type is 
as follows: 


1001—60 sec. 
3000X—10 sec. 
TLX—45 sec. 


The 1001 and 3000X have a paper-based re- 
ceiving sheet, and the TLX has a polyester 
base. Polaroid film is generally viewed by 
reflected light. However, the polyester base 
of TLX film is transparent, and is suitable 
for viewing by either reflected or transmit- 
ted light. 

f. Since polaroid film produces a positive 
image, the structures show up just the oppo- 
site of those on a conventional film. If a pola- 
roid film has been overexposed, instead of 
being too dark it will be too light. If it has 
been underexposed, it will be too dark. This 
is the opposite of conventional radiography. 
It is recommended when compensating for 
underexposure or overexposure that only the 
mAs be changed. Therefore, if the film is too 
dark, increase the mAs. If it is too light, de- 
crease the mAs. 

g. Technique charts are provided with film 
packets. They are located either on the back 
of the negative envelope or enclosed in the 
film box. These charts should be used as a 
guide when exposing polaroid film. 


16-14. Processing Machine, Polaroid, Spring 
Operated: 

a. The basic principles of this unit (see 
figure 16-25) are the same as the one pre- 





Figure 16-25. Processing Machine, Spring 
Operated. 
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viously described in paragraph 16-13 with 
the exception that it is operated by a spring- 
loaded mechanism rather than an electric 
motor. 

b. The conditions for operation of this 
unit are also the same as previously de- 
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scribed but without requirement of a power 
supply. 

c. The X-ray technologist should read all 
the instructions that are provided with the 
unit before loading the special cassette or 
carrying out the processing procedure. 
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GLOSSARY 

1. Abbreviations: LCD: least common divisor 

A,amp: ampere LCM: least common multiple 


A: Angstrom unit 

AC: alternating current 

ADR: air dose rate 

AP: anteroposterior 

APLO: anteroposterior lateral oblique 

APMO: anteroposterior medial oblique 

ARS: acute radiation syndrome 

ASIS: anterior superior iliac spine 

AWG: American Wire Gage 

B.E.: barium enema 

BSF: backscatter factor 

Ci: curie 

cm: centimeter(s) 

CR: central ray 

DC: direct current 

DNA: deoxyribonucleic acid 

dps: disintegrations per second 

DPT: double-part thickness 

EAM: external auditory meatus 

EFS: effective focal spot 

EMF: electromotive force 

EOP: external occipital protuberance 

eV: electron volts 

FFD: focal-film distance, focus-film dis- 
tance 

FRC: Federal Radiation Council 

FS: focal spot 

FSD: focal spot distance 

GB: gallbladder 

GCD: greatest common divisor 

GlorG.I.: gastrointestinal 

G.U.: genitourinary 

H.U.: heat units 

HVL: half-value layer 

Hz: hertz 

ICRP: International Commission on Radia- 

tion Protection 


ICRU: International Commission on Radia- 
tion Units and Measurement 
I.M.: intramuscular 
I.V.: intravenous 
IVC: intravenous cholangiogram, inferior 
vena cavagram 
IVP: intravenous pyelogram 


IOML: infra-orbitomeatal line 

KeV: kilo electron volts (one thousand elec- 
tron volts) 

kHz: kilohertz, 1000 hertz 

KUB: kidneys, ureters, and bladder 

kV: Kilovolts 


kVp: Kilovoltage peak 
kW: kilowatt 

LAO: left anterior oblique 
Lat: lateral 


LD: lethal dose 

LPO: left posterior oblique 

mA: milliampere, milliamperage 

mAs: milliampere second 

MeV: million electron volts 

MHz: million hertz 

mm: millimeter(s) 

MPD: maximum permissible dose 

MQ: megohm, 1000 ohms 

pCi: microcurie 

pV: microvolt 

mV: millivolt 

NCRP: National Council on Radiation Pro- 
tection and Measurements 

Obl: oblique 

OFD: object-film distance 

OML: orbitomeatal line 

PA: posteroanterior 

PALO: posteroanterior lateral oblique 

PAMO: posteroanterior medial oblique 

P-B: Potter-Bucky 

PE: photographic effect 

PF: photofluorography 


PFD: part-film distance 

PFX: photofluorographic X-ray 

PHT: primary circuit of the high-tension 
circuit 


PSIS: posterior superior iliac spine 

R: roentgen 

rad: radiation absorbed dose 

RAO: right anterior oblique 

RBE: relative biological effectiveness 

rem: roentgen equivalent man 

rep: roentgen equivalent physical 

r-m-s: root-mean-square value 

RNA: ribonucleic acid 

rpm: revolutions per minute 

RPO: right posterior oblique 

RR: remnant radiation 

SB: small bowel 

SDR: skin dose rate 

sec: second(s) 

SHT: secondary circuit of the high-tension 
circuit 

SMV: submentovertex, submentovertical 

SR: secondary and scattered radiation 

TFD: target-film distance 

TMJ: temporomandibular joint 

TSD: target-skin distance 

UGI or U.G.L: upper gastrointestinal 

U.S.P.: United States Pharmacopeia 

V: volts 

VPT: volts-per-turn ratio 

W: watt 


A-4 AFM 160-30/TM 8-280/NAVMED P-5119 


BIN Ce Sioescstsdievenscsncens 
ANG fntadict Geese: 
AP OF APO .......sssccceees 


ATTCETIO ......ccccccesceccees 


DIO: S22 cierericsceseisceeee 


GACY | 0 cccsecdscessiawcesens 
derma or dermato ... 
CEXETO ....cccccscccescceeess 


OM) vecsecvncecastdedsccecedeveess 


endo or ento ............. 
OENNCELO ......cccececceccececs 


without, not, ab- 
sence of. 

to, toward. 

of or pertaining to 
a gland. 

both; pertaining to 
or affecting both 
sides. 

pertaining to a 
blood vessel. 
before. 

in front of, front. 
opposite, against, 
counter. 
separation or deri- 
vation from. 
pertaining to the 
arteries. 

two or twice. 

life. 

pertaining to the 
heart. 

pertaining to the 
head or skull. 
pertaining to the 
brain. 

hand. 

pertaining to bile 
or to the biliary 
tract. 

with, together. 
pertaining to the 
colon. 

with. 

rib. 

cyst, sac, or blad- 
der. 

finger, toe, digit. 
skin. 

of, pertaining to, or 
toward the right. 
twice 

through or apart. 
reversal or separa- 
tion. 

difficult, painful or 
bad. 

out or out of; with- 
out, on the outer 
side, external, away 
from. 

in, within. 
pertaining to the 
brain. 

innermost, within. 
pertaining to the 
Intestines. 

on, upon, above. 
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extra or extro .......... on the outside, be- 
yond, in addition. 

DASULO siciciccdosethasndeeess pertaining to the 


HYSteCLO .....ccccccseeeeeees 


ileo .. 


neo eee 


SOeSeeeseeseeeeeeeeesesene 


OGONLO satis ee 


ortho 


stomach. 
pertaining to the 
blood. 

one-half; pertain- 
ing to or affecting 
one side of the 
body. 

different. 

the same. 

water. 

above, beyond, or 
excessive. 

sleep. 

beneath, under, or 
deficient. 

uterus. 

ileum. 

not, in, within, in- 
ward, into, toward. 
beneath. 

between. 

within, inside of. 
equal, alike, or the 
same. 

one thousand. 

to the side of. 

white or colorless. 
of, pertaining to, or 
toward the left. 
stone or rock. 

large; abnormal 
size. 

bad, abnormal. 
great size, one mil- 
lion times. 
black. 
middle. 
change, 
next. 

ee one-millionth 
of. 

one or single. 

form. 

many. 

bone marrow or 
spinal cord. 

muscle. 

new, recent, young. 
kidney. 

nerve. 

in front of, against. 
tooth. 
eye. 
straight, 
correct. 
bone. 


after or 


normal, 


yee 
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DOLY. cidecssssacecinecmenee 
DOSC. sisciseiececedecsaaseresees 


DOSCOTO: cissseeisccceciessss 
PFAE, PIO ssccenssccsevscaee 
DO icsseiccecssoemsccticemedss 


proct, procto ............ 
PSCUCO .....-ceeeeseseceeeees 


DVO: cssdoclewsseatacoeatesiices 


DVTy PVT: vexcisiecceicenes 
POUL O \cicsvieaeswiesseksessanc 


SOM] ...ccccccccccccccccccccecs 


SYM, SYN ....cccccccceeeeees 


COP OUP ecccoehcccsiutescitiz 


3. Suffixes: 


BOTS dc siesisialineeans 
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ear. DAUNY: ccasussccssioereresees a morbid condition 
all. or disease. 
beside, alongside phobia .u........cccssseees morbid or exagger- 
of, apart from. ated fear or dread. 
around, about. DIASTY ......ccccccccrererees plastic surgery. 
lung, air, or respi- TYNE ....2..000ceeee iereehans flow or discharge. 
ration. SC ODE ccedestaseerssssiercces: instrument for 
foot. making a_ visual 
many, much. examination. 
after. SCODY sccsicssstiieresene: visual examination. 
behind. SUOMY esseicsetesewtecteds surgical creation of 
before. an artificial open- 
before or in front ing. 
of. COMY acct eiisacter. incision. 
rectum. 
false. 
pus. ; 
fire or heat. 4. Physical, Radiological, and Medical Terms: 
backward, located 


behind, or against 
the natural course. 
nose. 

half. 

pulse. 

under, beneath. 
excess of, above, 
upon. 
with, 
same. 
three, thrice, three- 
fold. 
across, 
over. 
one. 
pertaining to urine 
or to the urinary 
tract. 


together, 


through, 


inducing agent. 
seizure of acute 
pain. 

painful condition. 
tumor or swelling. 
excision. 

a record. 

disease condition. 
inflammation. 
science of. 
excessive preoccu- 
pation with some- 
thing. 

instrument for 
measuring. 

like, resembling. 
tumor. 

eye or vision. 
fullness, redundan- 
cy, excess. 


Abduct. To draw away from the midline of 
the body; opposit of adduct. 


Absorption. The attenuation or reduction in 
intensity of X-rays as they pass through any 
absorbing material. A condition in which a 
liquid or gas is taken up by and fills the in- 
terstitial spaces of a porous substance. 


Acanthiomeatal Line. An imaginary line 
extending from the acanthion to the external 
auditory meatus. 


Acanthion. A point at the base of the anteri- 
or nasal spine. 


Acetabulum. The hip socket of the innomi- 
nate bone. 


Acromion. The outward extension of the 
spine of the scapula, forming the point of the 
shoulder. 


Actual Focal Spot. The area on the X-ray 
tube target which is bombarded by high 
speed electrons and from which the X-rays 
are emitted. 


Added Filter. A filter, usually of aluminum, 
designed to be placed in the portal of the 
tube housing for additional filtration. It fil- 
ters out the softer rays and reduces the 
amount of radiation to the patient’s skin. 


Adduct. To draw toward the midline of the 
body; opposite of abduct. 


Adipose. Fat; fatty. 


Afferent. Leading into or toward an organ, 
tissue or collection center; opposite of effer- 
ent. 


Air-Dose. The dose of radiation in roentgens 
measured in free air. 
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Alpha Rays. The positively charged parti- 
cles (helium atom nuclei) which are ejected 
from the nucleus of certain radioactive at- 
oms. 


Alternating Current. A current in which the 
electrons are periodically reversing direc- 
tion and speed. Ordinary United States al- 
ternating current has 60 cycles per second. 


Alternation. One-half cycle of alternating 
current; one alternation lasts 1/120 second. 
Also called an impulse or pulsation. 


Ambient Temperature. The temperature of 
the air surrounding the heated parts of an 
electric circuit. 


Ammeter. An electrical instrument which 
measures current flow in amperes. 


Ampere. The practical unit of measurement 
of electric current, indicating the rate (quan- 
tity per second) of electron flow through a 
conductor. One ampere equals 6.28 x 1018 
electrons per second. 


Angiography. The radiographic examina- 
tion of the blood vascular system after the 
injection of an aqueous solution of contrast 
medium. 


Angstrom. The unit of length used for mea- 
suring wavelengths of X-rays and other 
forms of electromagnetic waves. One ang- 
strom equals one one-hundred millionth of a 
centimeter. 


Anode. The positively charged portion of 
any vacuum tube. In the X-ray tube, the 
anode contains the target which is bombard- 
ed by electrons during X-ray production. 


Anode Thermal Capacity. The quantitative © 


ability of the anode portion of the X-ray 
tube to store and withstand large amounts 
of heat. 


Anterior. Refers to the front portion of the 
body, or of an organ or part. 


Anteroposterior. The positioning of a part 
so that the CR enters from the anterior as- 
pect and emerges from the posterior aspect. 


Antiseptic. A substance that will prohibit 
the growth of microorganisms without nec- 
essarily destroying them. 


Antrum. A cavity or chamber, especially one 
within a bone. 


Aorta. The large artery which carries the 
blood away from the heart. 


Apex. The top or pointed end of any conical 
structure or part, as in the heart or lung. 


Apnea. Temporary arrest of respiration. 
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Arachnoid. Resembling a spider’s web. 


Armature. The part of a generator or motor 
that rotates between the field poles and 
carrying windings in which _ the 
electromotive force acts for operating the 
machine. 


Armature Coil. A coil of wire placed on the 
armature of a generator or motor; part of 
the armature winding. 


Armature Core. The iron cylinder or ring on 
which, or in which, armature windings are 
carried. 


Arteriography. The radiographic examina- 
tion of the arteries after the injection of a 
contrast material. 


Arthrography. The radiographic examina- 
tion of a joint after injection of a contrast 
material. 


Articular. Pertaining to a joint. 


Articulation. The place of junction between 
two or more bones; also called joint. 


Artifacts. Foreign or artificial marks on a 
radiograph which may be caused by static, 
dirty or damaged screens, loose foreign bod- 
les in the cassette, et cetera. 


Aseptic. Free from mircroorganisms which 
produce putrefaction or rotting. 


Aspirate. The act of removing or drawing 
off by suction, the removal of fluids or gases 
from a cavity by means of an aspirator. 


Atom. The smallest unit of matter which can 
remain unchanged in chemical reactions. 


Atomic Number. The number denoting the 
total number of protons in the nucleus of an 
atom; symbol Z. 


Atomic Weight. The average relative weight 
of an atom as compared to the weight of car- 
bon which is represented as 12. It is approxi- 
mately equal to the sum of all protons and 
neutrons in the nucleus of the atom; symbol 


Atrium. A chamber affording entrance to 
another structure or organ; for example, one 
of the receiving chambers of the heart. 


Attraction. The effect between magnetized 
bodies, as that between a magnet and iron or 
steel, by which they are drawn together. 


Atypical. Irregular; deviating from the 
usual or normal. 


Auricular Point. The center of the opening 
of the external auditory meatus. 
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Autotransformer. A transformer in which 
part of the winding is in both the primary 
circuit and the secondary circuit, used to 
boost or reduce line voltage for voltage 
corrections, control, et cetera; a transform- 
er in which the primary and secondary are 
combined. 


Axial. Derived from the term axis and refer- 
ring to structures located symmetrically 
around a straight line or central point. 


Axilla. The armpit, or the cavity beneath 
the junction of the arm and shoulder. 

Axis. Any lengthwise central line, real or 
imaginary, around which parts of a body are 
symmetrically arranged, as the spinal col- 
an in man. Also, the second cervical verte- 

ra 

Backscatter Rays. Secondary rays formed 
from remnant radiation which has passed 
through the film holder and is scattered back 
toward the X-ray film. 


Ballistic Milliammeter. A milliammeter hav- 
ing a weighted needle and which measures 
the product of milliamperes (mA) and time 
(sec), and is designed to read in milliampere- 
seconds (mAs). See mAs meter. 


Barium. A metallic element. The term bar- 
ium is usually used to refer to barium sul- 
fate, an insoluble compound of barium and 
sulfuric acid, which is used as a contrast 
medium in medical radiography because of 
its high radiopacity. 

Basilar. Pertaining to a base or basal part. 


Beta Rays. Charged particles (electrons or 
positrons) which are ejected from the nuclei 
of certain radioactive atoms. 


Bicipital. Having two heads. 
Bifurcate. To divide into two branches. 


Bilateral. Having two sides; pertaining to 
both sides; occurring on both sides. 


Biliary. Pertaining to the secretion of the 
liver (bile), the bile ducts, or the gallbladder. 


Bregma. A topographical point on the skull 
at the junction of the coronal and sagittal 
sutures. 


Bremsstrahlung. A German word, meaning 
“braking radiation,” which is used to desig- 
nate those X-rays which are formed as a re- 
sult of high speed electrons being braked to 
a much slower speed. Bremsstrahlung may 
be of any wavelength up to the maximum 
energy of the electrons. 


Bronchography. The radiographic examina- 
tion of the bronchial tree using a liquid con- 
trast medium. 
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Bucky (Potter-Bucky Diaphragm). A device 
containing a moving grid and which is placed 
between the patient and the film to reduce 
the fogging effect of secondary radiation on 
the radiograph. See Grid. 


Bursa. A small sack or saclike cavity filled 
with fluid interposed between parts that 
move upon one another to prevent friction. 


Calcaneus. The heel bone; also called os cal- 
cis. 
Calculus. Any abnormal concentration of 


mineral salts within the body. Commonly 
called “stones.” 


Calibration. The process of measuring the 
actual output of a machine as compared to 
its indicated or metered output. 


Canaliculus. An extremely narrow tubular 
passage or channel (lit. “little canal”’). 


Cannula. A tube for insertion into a body 
opening. 


Canthomeatal Line. See Orbitomeatal Line. 


Canthus. The angle at either end of the slit 
between the eyelids; the canthi are distin- 
guished as outer or temporal and inner or 
nasal. 


Capacity. A general term referring to the 
maximum output of a machine or to the abili- 
ty that a device possesses to sustain a load. 


Capitulum. An eminence on the distal end of 
the humerus articulating with the radius. 


Cardboard Holder’ (Direct Exposure 
Holder). A lighttight device for holding film 
for direct X-ray exposure without the use of 
intensifying screens. 


Cardiac. Pertaining to the heart or to the 
end of the stomach nearest the heart. 


Cardio-angiography. The radiographic 
examination of the heart and great vessels 
after intravenous injection of an aqueous 
solution of contrast medium. Also, referred 


to as angiography, angiocardiography. 


Cassette. A device for holding X-ray film 
during exposure. It is composed of two flu- 


orescing intensifying screens in a metal and 
bakelite holder. 


Cassette Changer. A piece of radiographic 
equipment designed for quick changing of 
cassettes so that successive exposures may 
be made without changing the position of the 
patient, as in stereoscopy. 


Catheter. A thin tube used for draining fluid 
from cavities or for distending passages. 
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Cathode. The negatively charged electrode 
of any vacuum tube. In the X-ray tube, the 
cathode contains the filament, which, when 
heated, produces a cloud of electrons that 
may be pushed across the tube to produce X- 
rays. 


Cathode Rays. The stream of electrons flow- 
ing away from the cathode in a vacuum tube. 


Caudad. Toward the tail or the lower por- 
tion of the body. 


Centigrade. Temperature scale — 100 
degrees of graduation, and in which 0° repre- 
sents the freezing point and 100° the boiling 
point of water under standard conditions 
(sea level). 


Centimeter. A unit of measurement equal to 
approximately 0.4 inch. 


Central Ray. The theoretical center of the 
X-ray beam. The central ray leaves the focal 
spot at 90° from the long axis of the tube 
housing. Also called principal ray. 


Cephalad. Toward the head. 
Cephalic. Of or pertaining to the head. 


Cephalometry. Measurement of the fetal 
head in the uterus. 


Cerebral Angiography. The radiographic 
examination of the opacified blood vessels of 
the brain. 


Cervical. Pertaining to the neck or cervical 
vertebrae; also, to any necklike part. 


Cervix. Neck; referring to the neck of the 
body, or the constricted portion of an organ; 
for example, the cervix (neck) of the uterus. 


Characteristic Radiation. X-rays which are 
produced by interorbital shifts of electrons 
within an atom. These rays are characteris- 
tic in wavelength of the specific atom which 
produced them. 


Chemical Fog. The overall density of a radi- 
ograph produced by contaminated developer 
or other chemicals not by light or X-rays. 


Choke Coil. A device consisting of a coil of 
wire with an adjustable soft iron core. The 
choke coil is used as a voltage and current 
regulator. 


Cholangiography. The radiographic exami- 
nation of the biliary tract following intrave- 
nous injection of a suitable contrast medium. 
It may be performed during or following 
surgery. 
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Cholecystography. A radiographic exami- 
nation of the gallbladder following oral or 
intravenous administration of a suitable 
contrast medium. 


Cinefluorography. A radiographic proce- 
dure wherein motion pictures are taken of 
images on a fluorescent screen. Also see 
Image-Intensifier Cinefluorography. 


Circuit. The complete path through which 
the current flows; a certain part of the com- 
plete part, such as one of its conductors. 


Clavicle. The collar bone; a bone curved 
like the letter s, which articulates with the 
sternum and the scapula. 


Clearing Time. Time required for the fixer 
to dissolve unexposed salts in X-ray film 
emulsion. 


Closed Circuit. An electric circuit that is 
complete and through which current may 
flow when voltage is applied. 


Coccyx. The “tail” bone at the caudal end 
of the spinal column. 


Collimator. A diaphragm or other device 
for confining a beam of radiation within a 
limited area. 


Commutator. A ring of copper segments 
insulated from each other and connected to 
the windings of an armature. The alternat- 
ing impulses from the armature conductors 
are passed by the commutator into the 
brushes so that current flowing through any 
one brush is always in the same direction. 


Compression Band. A broad band made of 
nonopaque material employed for compres- 
sion and/or immobilization. 


Conductance. The conducting power of a 
body or a circuit for electricity. When ex- 
pressed in figures, conductance is the recip- 
rocal of resistance. The unit is the mho. 


Conductor. Any material which allows easy 
passage of an electric current through it. 


Condyle. A rounded knucklelike articular 
process of a bone. Applied chiefly to articu- 
lar prominences occurring in pairs, such as 
those of the femur, mandible, and the occipi- 
tal bone. 


Cone. A cone-shaped device placed between 
the X-ray tube and the patient to limit the 
beam of primary radiation striking the part, 
thus reducing the amount of secondary ra- 
diation that is formed. See Cylinder. 
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Contrast. Ingeneral terms, contrast refers 
to the difference in density between the high- 
lights and shadows seen in a radiograph. 
Mathematically, contrast may be defined as 
the ratio of the greatest density to the least 
density on a radiograph; the larger this ra- 
tio is, the greater the contrast is said to be. 
See Scale of Contrast. 


Contrast Media. Substances which are in- 
troduced into tissues or organs for the pur- 
pose of producing radiographic contrast 
where contrast does not normally exist. 


Coracoid Process. The hooklike process 
which projects anteriorly from the scapula. 


Coronal Plane. Any vertical plane separat- 
ing the body into anterior and posterior por- 
tions; also called the frontal plane. 


Cornoid Process. A beaklike projection on 
the upper anterior edge of the mandible; also 
a process on the proximal end of the ulna. 
Corpus. Body. 


Cortex. The outer layer of an organ or 
structure. 


Costal. Pertaining to the ribs. 


Costophrenic Angle. The angle formed by 
the ribs and diaphragm; this angle can be 
clearly seen on a posteroanterior chest radi- 
ograph. 

Cranial. Pertaining to the head. 

Crest. A prominent ridge of the bone. 


Cricoid. The ringlike cartilage below the 
“Adams’s apple.” 


Culdoscopy. Visual examination of the 
female pelvic organs by means of endoscopy. 


Cuneiform. Shaped like a wedge. 


Current. The flow of electrons from one 
place to another. 


Cutaneous. Pertaining to the skin. 


Cyanosis. Bluish discoloration of the skin 
resulting from a deficiency in blood oxygen. 


Cycle. One complete wave of alternating 
current or electromagnetic wave curve. A 
cycle consists of two complete alternations 
of alternating current. 


Cylinder. A_ cylindrically shaped device 
which is sometimes used in the place of a 
cone. A cylinder which may be extended is 
called an extension cylinder. 


Cyst. Any sac, normal or abnormal, espe- 
cially one which contains a liquid or semiso- 
lid material. 
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oon Inflammation of the urinary blad- 
r. 


Cystography. The radiographic examina- 
tion of the urinary bladder using an aqueous 
solution of a contrast medium. 


Cystoscope. An instrument used for visual 
inspection of the interior of the urinary 
bladder. 


Decubitus. A position for radiography in 
which the patient is lying down and the CR is 
projected horizontally. The words supine, 
prone, or lateral are employed in conjunction 
to describe the particular recumbent posi- 
tion. 


Definition. The degree of distinctness with 
which image details are recorded on the X- 
ray film. See Detail. 


Dens. The odontoid or toothlike process on 
the axis (second cervical vertebra). 


Density. The degree of the blackness on a 
radiograph. 


Density Equalization Filter. A radiograph- 
ic accessory device that is used when it is 
desirable to cause a variation of X-ray in- 
tensity across a part of varying thickness. 


Depth Dose. The dose of radiation actually 
delivered to a point at a specified depth be- 
low the surface of the body. 


Detail. The relative sharpness of the inter- 
nal structures of a body as they are demon- 
strated on a radiograph. This sharpness is 
affected by geometric factors only, whereas 
visibility of detail may also be affected by 
the density, contrast, and fog which are 
present. 


Developer. The chemical solution used to 
make visible the radiographic image on X- 
ray film. 


Diaphragm. An accessory device which 
consists of a sheet of lead with a hole in it; as 
a general rule, a diaphragm is used only 
when a cone or cylinder is not available. 
Also, the musculo-membranous partition 
that separates the abdomen from the thorax. 


Diastole. The resting stage of the beating 
heart. 


Dilatation. Natural or artificial enlarg- 
ment, expansion, or distention of a cavity, 
canal, or opening. 


A-10 


Direct Current. An electric current in 
~ which the current flows in one direction at all 
times, as opposed to alternating current. A 
direct current in which the electrons flow 
smoothly, without change of speed, is called 
a uniform direct current; one in which the 
electrons are constantly changing speed but 
not direction is called pulsating direct cur- 
rent. 


Direct Exposure Film. A type of X-ray film 
which is made to be especially sensitive in 
manufacture to the direct action of X-rays. 
This type of film is designed for use in card- 
board holders only. 


Distal. Remote, farthest from the center, 
origin, or head, as, the distal end of a long 
bone. 


Distention. Enlargement or expansion. 


Distortion. Difference in size and/or shape 
of the radiographic image as compared with 
that of the part examined. When only a 
change of size is involved it is called magni- 
fied distortion. When a change of size and 
shape is involved, it is termed true distor- 
tion. 


Divergent. Radiating outward from a 
common point; spreading apart. 


Dorsal. Pertaining to the back; situated 
nearer the back than some point of refer- 
ence. In most cases, same as posterior and 
opposite of ventral. 


Dorsal Spine. See Thoracic Spine. 


Dose, Absorbed. The amount of radiation 
measured in rads which is absorbed by the 
part being exposed. 


Dose Exposure. See Exposure Dose. 


Dose Rate. Thedose or amount of radiation 
delivered per unit of time (for example, 
roentgens (R) per hour). 


Double Focus Tube. An X-ray tube having 
two focal spots, one of which is smaller than 
the other. The smaller one is used for maxi- 
mum detail, the larger one to permit greater 
energy to be applied to the tube. 


Dry Cell. A primary electric cell using car- 
bon and zinc for electrodes with an electro- 
lyte of sal ammoniac and chloride of zine 
carried by some absorbent material in the 
cell. The carbon is the positive electrode and 
the zinc is the negative. 

Duodenal Bulb. The triangular shaped 
structure forming the first portion of the 
duodenum and which can be seen on radi- 
ographic examination of the upper gastroin- 
testinal tract. 
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Duodenum. The first or proximal portion of 
the small intestine, so called because it is 
about 12 fingerbreadths in length. It extends 
from the pylorus to the jejunum. 


Dyspnea. Difficult breathing. 


Effective Focal Spot. The perpendicular 
projection or effective size of the actual fo- 
cal spot as it is presented to the film. The x- 
rays leave the rectangular actual focal spot 
and appear to be coming from a much small- 
er square area. In effect, the X-rays are emit- 
ted from the square area or the effective fo- 
cal spot. 


Efferent. Leading out of or away from an 
organ, tissue or collection center; opposite 
of afferent. 


Electromagnet. <A soft iron or soft steel 
core magnetized by the action of current 
passing through a coil around the magnet. It 
loses most of its magnetism as soon as the 
flow of current is stopped. 


Electromagnetic Induction. The process by 
which a current is caused to flow in a circuit 
due to a magnetic field moving through the 
wires of a portion of the circuit. There are 
three types of electromagnetic induction: 
Relative motion, mutual induction, and self- 
induction. 


Electromagnetism. Magnetism which ex- 
ists about a wire while it has an electric cur- 
rent flowing through it. 


Electromotive Force. The force which 
drives an electric current through a conduc- 
tor. It is measured in volts. See Voltage. 


Electron. The smallest negatively charged 
particle of matter revolving about the posi- 
tively charged nucleus of an atom. Electrons 
moving through a wire constitute an electric 
current. 


Electrostatic Unit. The quantity of electri- 
cal charge equal to the charge of 2,- 
080,000,000 electrons. 


Emulsion. The X-ray and light sensitive 
portion of the X-ray film before processing 
and the portion of the film that contains the 
image after processing. 


Encephalography. The radiographic exam- 
ination of the brain after the ventricles have 
been filled with a suitable contrast medium. 


Energy. The capacity for performing work 
(moving a body through a distance). 
Ensiform. See Xiphoid Process. 


Enteric. Pertaining to the intestines. 
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Epicondyle. A roughened eminence upon a 
bone above its condyle; especially, the emi- 
nences above the condyles of the humerus. 


Erythema Dose. The exposure dose which is 
required to cause a noticeable reddening of 
the skin within a few days. 


Esophagus. The muscular membranous 
canal extending from the pharynx to the 
stomach. 


Ethmoid. Perforated with small openings 
like a sieve. 


Ethmoid Bone. Athin cancellous bone lying 
between the sphenoid and frontal bones of 
the skull. 


Eversion. Outward rotation; for example, 
turning the sole of the foot away from the 
midline thus raising the lateral border of the 
foot. 


Excrete. To eliminate waste material. 


Expiration. The act of breathing out or 
expelling air from the lungs; exhaling. 


Exposure Dose. The amount of radiation, 
measured in roentgens (R), which is delivered 
to a specific point. 


Exposure, Radiographic. The process of 


subjecting a sensitive film to the action of X- . 


rays either directly or through an intermedi- 
ate step using intensifying screens. 


Exposure Timer. A timer mechanism on the 
control panel of an X-ray machine to regu- 
late time of exposure. 


Extension. The straightening out of a part. 


External. 
side. 


Situated or occurring on the out- 


External Auditory Meatus. The external 


canal or opening of the ear. 
External Canthus of the Eye. See Canthus. 
External Occipital Protuberance. A promi- 


nent eminence on the posterior portion of the 
occipital bone. Also called the inion. 


External Rotation. Rotating a part away | 


from the median plane. 


Facial Line. A straight line touching the 
glabella and a point at the lower border of 
the face. 


Femur. The thigh bone, located between the 
hip and knee joint. 

Fetography. The radiographic examina- 
tion of the fetus in utero. 


Fibula. The smaller of the two leg bones 
located between the knee and the ankle joint. 
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Filament. A fine threadlike coil of tungsten 
which is mounted in the cathode of the X-ray 
tube. When heated, the filament becomes a 
source of electrons, the light source in an 
incandescent lamp and the source of free 
electrons in an electron tube. 


Film, X-ray. The medium on which the radi- 
oerenue image is recorded. See Screen-type 
m. 


Filter. See Added Filter and Inherent Fil- 
tration. 


Fissure. Acleft, groove or trench. 


Fixer. The chemical solution (commonly 
called “hypo’’) that clears the X-ray film and 
hardens the emulsion. 


Flexion. The act of bending, or the condi- 
tion of being bent or brought together. 


Fluorescence. The emission of visible light 
by a crystal when subjected to an activating 
source. 


Fluorescent Screen. A sheet of radiolucent 
material coated with a crystalline compound 
which fluoresces when exposed to X-rays. 


Fluoroscope. A piece of radiographic 
equipment including an X-ray tube and a 
fluorescent screen. X-rays are absorbed by 
the patient and the resulting shadows are 
studied from the glow of the fluoroscopic 
screen. > 


Fluoroscopy. The process of examining the 
tissues by means of a fluoroscopic screen. 
See also Image Intensification. 


Focal-Film Distance. The distance from the 
focal spot of the X-ray tube to the film. 


Focal-skin Distance. See Target-skin Dis- 
tance. 


Focal Spot. See Actual Focal Spot and 
Effective Focal Spot. : 


Fog. A supplemental density (silver depos- 

it) that covers part or all of the film obscur- 

ing image visualization. Fog may occur as a 

result of exposing the film to secondary ra- 

diation, light, heat, and chemical fumes; or if 

outdated film is used. 

Foramen. A hole or perforation; especially 

in a bone. | 
Foramen Magnum. The large opening. in 


the base of the skull through which the spi- 
nal cord passes. 


Frequency. Number of cycles per second in 
an alternating current or electromagnetic 
wave. | 
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Frilling. Defect in a radiograph associated 
with separation of the emulsion from the 
base at the margin of the film. 


Gamma Rays. Electromagnetic radiation 
spontaneously emitted from radioactive 
deposits or materials, such as radium. Their 
wavelengths are shorter than those of X- 
rays used in diagnostic radiography, and 
they possess great penetrating power. 


Gastrointestinal Series. A series of fluo- 
roscopic and radiographic examinations of 
the gastrointestinal tract, usually using 
barium sulfate as a contrast medium. 


Gastrointestinal Tract. The esophagus, 
stomach, and the small and large intestines 
collectively. 


Glabella. The anterior protuberance of the 
frontal bone (between the eyebrows). 


Glabella-alveolar Line. An imaginary line 
extending from the glabella to the upper al- 
veolus; the localization plane of the face. 


Gluteal. Pertaining to the buttocks. 


Gonion. Anatomical landmark, the most 
inferior, posterior, and lateral point on the 
external angle of the mandible. 


Grid. A device composed of alternate thin 
strips of lead and a radiolucent material 
encased in a suitable binder placed between 
the patient and the radiographic film to ab- 
sorb scattered and secondary radiation. 


Grid Focus. The point at which all of the 
radiopaque strips in a grid would meet if 
they were extended. 


Grid Radius. The distance from the grid 
focus to the center of the grid. 


Grid Ratio. The ratio of the height of the 
lead strips to the distance between them 
(thickness of radiolucent material). 


Ground. An electrical connection to the 
earth or the metal framework or supports of 
electrical parts; a wire connecting directly 
to the earth, usually through a gas, water, 
or steam line. 


Grounded Circuit. A_ circuit completed 
through ground, through the earth, or the 
metal framework of electrical parts. 


Half-Value Layer. The thickness of a ho- 
mogenous filter which will reduce the intensi- 
ty of the X-ray beam to one-half of its origi- 
nal value. 
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Heat Unit. An arbitrary unit of measure- 
ment of the heat produced in an X-ray tube. 
Heat units are electrically equivalent to 
watt-seconds, and are the product of kVp X 
mA X sec. 


Hepatic. Pertaining to the liver. 


Horizontal. Parallel to the horizon or 
ground; at right angles to the vertical. 


Hot Cathode Tube. Any X-ray tube utiliz- 
ing a heated cathode for its source of elec- 
trons. 


“Hypo”. See Fixer. 
Hysterosalpingography. See uterosalpin- 
gography. 

Tleum. The last portion of the small intes- 
tine. 


Iliac Crest. Referring to the curving supe- 
rior border of the ilium. 


Iliac Spine. A small but prominent projec- 
tion on the anterior surface of the ilium; 
spoken of as the anterior superior iliac 
spine. 


Ilium. The hip bone or winglike portion of 
the innominate bone. 


Image. The deposits of black metallic silver 
in the emulsion of the film which represent 
the anatomical structures of the part X- 
rayed. 


Image Intensification. An electronic sys- 
tem of producing flourescent images by am- 
plification of the brightness level so that 
they may be observed by means of a mirror- 
optical system or on a television monitor. 
Viewing may be done in subdued room light 
and dark adaptation is unnecessary. 


Image-intensifier Cinefluorography. A ra- 
diographic procedure wherein a motion pic- 
ture is used with an image intensification 
system to record a moving study of the am- 
plified images as they occur on the output 
phosphor or the image-intensifier tube. 


Immobilization. The act of rendering a 
body part immobile during a radiographic 
exposure. 


Impulse. See Alternation. 


Impulse Timer. An accurate timer for mak- 
ing fractional second exposures. 


Inferior. 
ence point. 


Inferosuperior. Directed or extended from 
below upward. 


Situated below a particular refer- 
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Infra-orbital Margin. The inferior rim of a 
bony orbit. 


Infra-orbitomeatal Line. An imaginary 
line extending from the lower margin of the 
orbit to the external auditory meatus. 


Infusion. The introduction of a fluid, as sa- 
line solution, into a vein. An infusion flows in 
by gravity. 

Inherent Filtration. That filtration which 
is built into the X-ray tube housing. It in- 
cludes the tube window, a thin layer of oil, 
and the tube portal; and, usually, is equiva- 
lent to apprximately 0.5 mm of aluminum. 
Inion. Anatomical landmark, the most 
prominent point of the external occipital 
protuberance. 


Innominate Bone. One of the major bones 
of the pelvis; composed of the ilium, the is- 
chium, and the pubis. 


Inspiration. The drawing in of breath; the 
act of inhaling. 


Insufflator. An instrument used to introduce 
a gas (for example, air) into a body cavity. 


Intensifying Screen. A screen composed of 
fluorescent material, usually calcium tungs- 
tate, placed in close contact with an X-ray 
film to intensify the action of X-rays in radi- 
ography. 


Intensity. Refers to the concentration or 
quantity of X-rays striking a unit of area 
per unit of time. 


Internal Canthus of the Eye. See Canthus. 


International Base Line. An imaginary line 
extending from the external canthus of the 
eye to the external auditory meatus. 


Interpupillary Line. An imaginary line 
passing through the pupils of both eyes 
when the eyes are in a neutral position look- 
ing straight ahead. 


Intravenous Pyelography. See Pyelogra- 
phy, Excretory. 


Intubation. The process of introducing a 
tube into a hollow organ to keep a passage 
open. 


Inverse Square Law. The statement of the 
relationship which exists between the inten- 
sity of radiation striking the film and the 
distance of the tube from the film. The inten- 
sity of radiation is inversely proportional to 
the square of the distance. 


Inversion. Inward rotation; for example, 
turning the sole inward, thus raising the 
medial border of the foot. 
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Iodized Oil. A contrast medium in which an 
oil (poppyseed, olive, or peanut) is combined 
with iodine. Used as an injection for visuali- 
zation of the sinuses, bronchi, et cetera. 


Ionization. The process of either adding to 
or subtracting electrons from neutral atoms 
or molecules. 


Ionization Chamber. An instrument for 
measuring the quantity of radiation in terms 
of the quantity of ionization produced by the 
radiation. 


Jejunum. The second or center portion of 
the small intestine. 


Kilovolt. A unit of electromotive force 
equal to 1000 volts. 


Kilovolt Peak. The very highest voltage 
occurring at any time during an electrical 
cycle; the peak kilovoltage used in making 
any X-ray exposure. 


Kilowatt. A measurement of electrical power 
equal to 1000 watts. 


KUB. An abbreviation indicating a plain 
radiograph of the abdomen to study the kid- 
neys, ureters, and urinary bladder. — 


Kymograph. A device for radiographically 
recording the range of motion of various 
organs, especially the chambers of the heart 
throughout the cardiac cycle. The method by 
which this is done is called kymography. 


Latent Image. The invisible image pro- 
duced on an exposed X-ray film by the action 
of X-rays or light. It is made visible by the 
process of development. 


Lateral. Pertaining to the side; away from 
the midline; a positioning of the patient so 
that the X-ray beam passes from one side to 
the other. : 


Latitude. The range of exposure of an X- 
ray film permissible for a good diagnostic 
result. 


Ligament. A band of tissue that connects 
bones or supports viscera. 


Lithotomy Position. Position of patient on 
his back, with legs flexed on the thighs, 
thighs flexed on the belly, and abducted. 


Localize. To restrict or limit to one area or 
part. : 


Lumbar Spine. The portion of the verte- 
bral column below the thorax; the lower five 
vertebrae. 


Lumen. The cavity or channel within a tube 
or hollow organ. 
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Magnet. A body possessing the property of 
magnetism which causes it to attract materi- 
als made of iron. 


Magnetic Field. The space about a magnet 
in which its magnetic properties are present. 


Malar. 
bone. 


Malar Bone. The cheek bone; same as the 
zygoma. 


Malleolus. A rounded process on either side 
of the ankle joint. The process at the inner 
side of the lower end of the tibia is termed 
the inner or medial malleolus. The process at 
the outer side of the lower end of the fibula is 
termed the lateral or external malleolus. 


Mammography. The radiographic exami- 
nation of the breast. 


Mandible. The lower jaw bone. 


Manometer. A U-shaped tube used for mea- 
suring the pressure of gases. 


mAs Meter. See Ballistic Milliammeter. 


Pertaining to the cheek or cheek 


Matrix. Background substance; in bone, 
intercellular substance containing calcium 
and phosphate salts; in blood and lymph, the 
fluid in which cells are suspended. 


Maxilla. The upper jaw bone. 


Maximum Permissible Dose. The maximum 
accumulated absorbed dose of radiation to 
which a person may be occupationally ex- 
posed. The maximum permissible dose is 
calculated by the following formula: MPD = 
5(N-18). N = age of individual in years. 


Meatus. An opening at the end of a canal; 
as, the external auditory meatus. 


Medial. That portion of a structure or part 
which is nearer to the midline than some ref- 
erence point; opposite of lateral. 


Median Plane. An anteroposterior plane 
dividing the body into right and left halves; 
the mid-sagittal plane. 


Mediastinum. The middle compartment of 
the chest between the lungs. It contains all 
the thoracic viscera except the lungs. 


Meninges. The three membranes (the dura 
mater, arachnoid, and pia mater) that envel- 
op the brain and spinal cord; the lining of the 
spinal canal and cranial cavity. 


Mental Point. Anatomical landmark, the 
most anterior media! point of the chin. 
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Metacarpus. The bones of the hand. 
The bones of the feet. 


Meter. An instrument for measurement; a 
measure of length in the metric system. 


Metatarsus. 


Milliammeter. An_ electrical instrument 
which measures milliamperes; a milliampere 
meter. 


Milliampere. The unit of measurement of 
electric current equivalent to 1/1000th of an 
ampere. 


Milliampere-Seconds. The product of time 
(sec) of an X-ray exposure and the milliam- 
perage (mA) used. The mAs determines the 
quantity of radiation which is produced by 
an exposure. 


Molecule. The smallest quantity of a mate- 
rial which can exist and retain all its chemi- 
cal properties. Molecules may be chemically 
decomposed into atoms. 


MOP-Glabella Line. An imaginary line ex- 
tending from the maximum occipital point 
(MOP) to the glabella. Considered to be at 
right angles to the facial line. 


Moving Grid. A grid that moves according 
to a preset time of exposure, or reciprocates 
continuously. 


Mucosa. The membrane lining tubular 
structures, and containing gland cells that 
produce a slimy substance (mucus); often 
called the mucous membrane; for example, 
the lining of the G. I. tract. 


Muller’s Maneuver. Making a forced inspi- 
ratory effort with the nose and mouth held 
closed after the patient has emptied his 
lungs of air. See also Valsalva’s Maneuver. 


Myelin. The fatlike substance forming a 
sheath around certain nerve fibers. 


Myelography. The radiographic examina- 
tion of the spinal canal following the injec- 
tion of a suitable contrast medium. 


Myocardium. The middle layer of wall of 
the heart; literally the muscle of the heart. 


Nasion. Anatomical landmark where the 
midsagittal plane intersects with the inter- 
pupillary line. 


Nasolabial Junction. The point at which 
the nose and upper lip meet. 


Navicular. Shaped like a boat. 
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Negative Charge. An electrically unbal- 
anced condition which results when electrons 
are added to a neutral body. A negative 
charge attracts positive charges and repels 
other negative charges. See Positive Charge. 


Nephrography. The radiographic examina- 
tion of the parenchyma! structures of the 
kidneys during their radiopacification by 
means of a contrast medium. 


Neutron. An electrically neutral or un- 
charged particle of matter existing along 
with protons in the nuclei of most atoms. 


Node. Asmall protuberance, knob or swell- 
ing. 

Nomogram. A graph that enables one by 
the aid of a straightedge, to read off the val- 
ue of a dependent variable, when the value of 
the independent variable is given. 


Nonopaque. Radiolucent or penetrable by 
X-rays. 
Nucleus. The heavy centrally located por- 


tion of the atom, containing most of the 
weight of the atom and carrying a positive 
charge. 


Object-Film Distance. 
tance. 


Oblique. Refers to a part having been ro- 
tated or turned less than 90° with respect to 
the X-ray film and the tube. 


Occipital Bone. The bone that forms the 
base of the skull, posteriorly. 
Occiput. The back of the head. 


Odontoid Process. The toothlike process 
situated on the second cervical vertebra 
(axis) for articulation with the first cervical 
vertebra (atlas). 


See Part-film Dis- 


Ohm. The unit for designating electrical 
resistance. 


Ohm’s Law. The relationship between volt- 
age (E), current (I), and the resistance (R) in 
an electrical circuit, and which may be ex- 
pressed as: E+ IX R. 


Oil Transformer. A transformer which is 
insulated by a bath of oil which circulates 
and cools the heated parts of the transform- 
er while acting as an insulator. 


Olecranon. The large bony process at the 
proximal end of the ulna; commonly called 
the elbow. 


Opaque. Impenetrable by light or X-rays in 
the diagnostic quality range. Opposite of 
nonopaque and radiolucent. 
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Opaque Media. Any contrast media which 
may be introduced into a body cavity or 
structure to render it radiopaque to X-rays. 


Open Circuit. An incomplete circuit, one 
broken at any point, so that current does not 
flow through any part of it. 


Optimum kVp. A technique of exposure 
using a fixed kVp, as opposed to variable 
kVp. 


Orbit. The pathin which a body moves as it 
rotates about another body which attracts 
it. Also, the bony cavity containing the eye. 


Orbitomeatal Line. An imaginary line ex- 
tending from the external canthus to the 
external auditory meatus, and used in radio- 
graphy for localization purposes. It is often 
called the canthomeatal line. NOT to be con- 
fused with the acanthiomeatal line. 


Orifice. The entrance or outlet of any body 
cavity, or tube. 


Orthoradiography. An examination mini- 
mizing distortion to record a part in its ac- 
tual size. 


Os Calcis. See Calcaneus. 


Osseous. Of or pertaining to bone. 
Ossicle. Asmall bone. 


Overexposure. Theresult of exposing an X- 
ray film or person to an excessive amount of 
X-rays. 


Oxidation. The process of changing a com- 
pound by removing one or more electrons 
from an atom, ion, or molecule. Oxidation 
signifies the loss of an electron. 


Palmar. Referring to the palm of the hand. 


Parallel. Lying evenly everywhere in the 
same direction but never meeting, however 
far extended; running side by side. 


Paranasal Sinuses. The accessory sinuses 
which communicate with the nasal passages: 
the ethmoid, the frontal, the maxillary, and 
the sphenoid. 


Parietal Bones. The large bones on either 
side of the top of the cranium. They form the 
ee part of the top, sides and roof of the 
skull. 

Part-Film Distance. The distance between 
the X-ray film and the part being examined. 


Part-thickness. The measurement, usually 
in centimeters, of the part being examined. 


Pass Box. A two-way, lighttight tunnel for 
passing exposed and unexposed films in cas- 
settes between the darkroom and exposure 
rooms. Also called transfer cabinet. 
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Patella. The knee cap. 


Pelvimetry. Measurement of the dimen- 
sions and capacity of the female pelvis by 
radiographic methods. 


Pelvis. The bony ring at the posterior ex- 
tremity of the trunk, supporting the spinal 
column and resting upon the lower extremi- 
ties. It is composed of the two innominate 
bones at the sides and in front, and the sac- 
rum and coccyx behind. 


Penetration. Refers to the ability of X- 
rays to pass through materials. 


Percutaneous. Performed through the skin. 


Perfusion. A liquid poured over or through 
something; the introduction of fluids into the 
tissues by their injection into the arteries. 


Pericardium. The membranous sac that 
contains the heart and first portion of the 
great vessels. 


Periphery. The outer surface or the cir- 
cumference of a part of the body. 


Perirenal Insufflation. Radiographic exam- 
ination of the kidneys by air insufflation. 


Peristalsis. Waves of contractions which 
pass along tubular organs and move the con- 
_ tents forward. Usually applied to the gas- 
trointestinal tract. 


Peritoneum. The serous membrane which 
lines the abdominal wall and invests the vis- 
cera. 


Permissible Dose. See Maximum Permiss!- 
ble Dose. 


Perpendicular. Of or pertaining to any two 
lines which meet at right angles. 


Petrous Bone. The dense pyramidal-shaped 
portion of the temporal bone which houses 
the auditory canal. 


Phalanges. The fourteen bones of the fin- 
gers and the toes. 


Phosphorescence. The emission of light by 
a crystal after the activating source has 
ceased. 


Photofluorography. The radiographic pro- 
cedure by which a photograph is taken of a 
fluorescent image on a fluorescent screen. 
Also called photoroentgenography. 


Photon. An individual electromagnetic ray; 
a “bundle” or “packet” of electromagnetic 
energy quanuurn) that travels at the speed 
of by Nise s8Ine 45 a quantum. 


Plrenio. Pertaining to the diaphragm. 
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Pi Lines. Lines formed on film during auto- 
matic processing which were not intended to 
appear on the finished radiograph. 


Placentography. Radiographic examina- 
tion of the walls of the uterus for localiza- 
tion of the placenta. 


Plantar. Pertaining to the sole of the foot. 


Pleura. The serous-membrane cover of the 
lungs which lines the thoracic cavity and 
encloses the potential space called the pleur- 
al cavity. 


Pneumoarthrography. Injection of air as a 
contrast medium into a joint space for the 
purpose of visualizing cartilaginous struc- 
tures radiographically. 


Pneumoencephalography. The radiograph- 
ic examination of the ventricles of the brain 
after removal of varying amounts of cere- 
brospinal fluid and replacing it with air as a 
contrast medium. 


Pneumoperitoneography. The radiograph- 
ic examination of the peritoneum and intra- 
abdominal organs by means of an injection 
of air as a contrast medium. 


Pneumothorax. The presence of air or gas 
in the pleural cavity may occur sponta- 
neously or be caused by trauma. 


Popliteal. Pertaining to the posterior sur- 
face of the knee. 


Positive Charge. That electric charge 
which is left when electrons are removed 
from a neutral body. A positive charge at- 
tracts negative charges but repels other 
positive charges. See Negative charge. 


Posterior. Toward the back (or dorsal sur- 
face) of the body. 


Posteroanterior. The positioning of a part 
so that the CR enters its posterior aspect 
and exists from its anterior aspect. 


Post-evacuation Film. A film of the large 
bowel made after the patient has evacuated 
the contrast medium. 


Potential Difference. The difference in elec- 
trical pressure or voltages between two 
points in a circuit. 


Potter-Bucky Diaphragm. See Bucky. 


Primary. The part of any electrical device 
or circuit, attached directly to the source, as 
distinguished from the secondary which 
means parts depending directly on the pri- 
mary in place of the source. Also a source 
that produces electricity for further action 
such as mechanical or chemical action. 
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Primary Factors. The primary radiograph- 
ic factors to be considered when making an 
X-ray exposure are (1) kilovolt peak (kVp); 
(2) milliamperage (mA); (3) exposure time 
(sec); and (4) focal-film distance (FFD). These 
four primary factors can be adjusted on an 
X-ray machine to control the quality and 
quantity of radiation striking the film. 


Primary Radiation. The X-rays’ which 
emanate directly from the actual focal spot 
of the X-ray tube. 


Process. A projection, especially on a bone. 


Pronation. Turning downward; applied to 
the hand, turning the palm downward; ap- 
plied to the foot, lowering the medial margin 
of the foot. 


Prone. A position of the body lying face 
downward. 


Prostatography. The radiographic exami- 
nation of the prostate gland. 


Proton. The subatomic particle found with- 
in the nucleus of an atom. The proton is the 
unit of positive electrical charge. 


Proximal. Nearer the point of attachment 
or origin. 


Psoas Muscles. 
lower spine. 


Psoas Shadows. The radiographic appear- 
ance of the psoas muscles, which are pyrami- 
dal in shape, extending downward on either 
side of the spinal column from the 12th dor- 
sal vertebra to the level of the iliac crest. 


Pulmonary. Pertaining to the lungs. 


Pulsating. Occurring in rhythmic beats or 
surges; for example, the pulsating current in 
an X-ray tube. 


The heavy muscles of the 


Pulsation. See Alternation. 


Pyelography, Excretory. The radiographic 
examination of the kidneys, pelves, and ure- 
ters after the intravenous injection of a con- 
trast medium which passes quickly into the 
urine. Also called intravenous pyelography 
(IVP). 


Pylorus. The orifice between the termina- 
tion of the stomach and the duodenal bulb. 


Quantum. One of the very small increments 
into which many forms of energy are subdi- 
vided. 


Radiation. Anv kind of particle or wave 
which leaves a point source and radiates 
outward in ail directions. Light and X-rays 
are forms ci? radiation. 
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Radiation Absorbed Dose. The unit of ab- 
sorbed radiation dose equal to 100 ergs of 
energy absorbed per 1 gram of absorbing 
tissue. 


Radioactive. A term referring to atoms 
which have unstable nuclei. As these atoms 
change to a more stable form they emit ener- 
gy from the nucleus as alpha rays, beta 
rays, or gamma rays. 


Radiograph. The record on a film which 
represents anatomical details of the part 
examined and which is formed by the differ- 
ential absorption of X-rays within the part. 


Radiography. The use of X-rays in making 
radiographs for diagnostic interpretation. 


Radiologist. A physician who uses all 
forms of radiation in the diagnosis and 
treatment of disease. 


Radiology. The science which deals with 
the use of all forms of radiant energy in the 
diagnosis and treatment of disease. 


Radiolucent. That property of a material 
which allows it to be readily penetrated by 
X-rays. 


Radiopaque. That property of a material 
which causes it to absorb a relatively large 
amount of the X-rays passing through it. 


Radius. A straight line extending from the 
center to the periphery of a circle. Also, the 
bone of the lateral aspect of the forearm. 


Ratio of Transformer. The ratio of the 
number of turns in the primary winding of a 
transformer to the number of turns in the 
secondary winding. 


Rectification. The process of changing al- 
ternating current into pulsating direct cur- 
rent. See Direct Current. 


Rectifier. A device which is used to rectify 
alternating current. 


Recumbent. Lying down or reclining. 


Reduction. The process of changing a com- 
pound by adding one or more electrons to an 
atom, ion, or molecule. Reduction signifies 
the gain of an electron. 


Renal. Pertaining to the kidney. 


Resistance. The opposition offered by a 
substance or body to the passage through it 
of an electric current, which is measured in 
ohms. 


The process of breathing. 


ee wine >: tr: ~~ 
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Restrainer. In radiography, a chemical 
employed to check development of the unex- 
posed silver bromide and to control the work- 
ing speed of the developer with respect to the 
exposed silver bromide. 


Reticular. Having the appearance of a 
network. 


Retrograde. Back or directed against the 
natural course or flow. 


Retrograde Pyelography. The radiograph- 
ic examination of the urinary tract in which 
the contrast medium is injected into the 
pelves of the kidneys through catheters 
which are inserted into the ureters. Also 
called retrograde urography. 


Roentgen. The unit of radiologic exposure 
dose designated by the symbol “R”. One “R” 
of exposure will produce in tissues an ab- 
sorbed dose of approximately one rad. The 
roentgen, rad and rem may be considered 
equivalent for purposes of X-ray protection. 


Roentgen Rays. X-rays. 


Rotating Anode Tube. An X-ray tube in 
which the target constantly rotates during 
exposure, thus permitting the heat to be dis- 
tributed over a much larger area with a cor- 
responding increase in X-ray producing ca- 
pacity. 


Rotation. The movement of a part about its 
axis. 


Ruga. A ridge or fold of the mucous mem- 
brane, found in the palate, the stomach and 
vagina. 


Sacrum. A curved triangular bone com- 
posed of five united vertebrae, situated be- 
tween the fifth lumbar vertebra above and 
the coccyx below and the innominates on 
each side, and forming the posterior bounda- 
ry of the pelvis. 


Sagittal Plane. A plane which divides the 
body into right and left portions (not neces- 
sarily equal); of, or pertaining to the sagit- 
tal suture of the cranium which lies in the 
median plane of the body. 


Salpingography. The radiographic exami- 
nation of the fallopian tubes following injec- 
tion of a suitable contrast medium. 


Scale of Contrast. Therange of densities in 
a radiographic image; the number of shades 
of gray demonstrated on the film. In general, 
a long scale of contrast (many shades of 
gray) is also a low contrast, while a short 
scale of contrast (few shades of gray-black 
against white) is also a high contrast. See 
Contrast. 
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Scanography. A method of orthoradi- 
perepny for measuring the length of long 
ones. 


Scapula. The shoulder blade; a flat, trian- 
gular shaped bone forming the posterior 
aspect of the shoulder girdle. 


Scattered Radiation. Those rays that have 
suffered a change in direction after collision 
with interposed material. 


Scout Film. A preliminary or survey film of 
a part, usually taken prior to the adminis- 
tration of opaque media; also to check tech- 
nical factors. 

Screen. A device consisting of a rigid back- 
ing on which fluorescent crystals are coated. 
A term applied both to a fluoroscopic screen 
and an intensifying screen. 


Screen-type Film. A film having an emul- 
sion which is designed to be especially sensi- 
tive to the bluish light emitted from intensi- 
fying screens. It may also be used in card- 
board holders but, if so, requires more expo- 
sure than direct exposure film. 


Secondary Factors. The factors which de- 
scribe the quality of a finished radiograph. 
These are: density, contrast, detail, and dis- 
tortion. 


Secondary Radiation. X-rays which are 
produced as the result of the interaction of 
primary radiation and the absorbing materi- 
al of the part being examined. Secondary 
rays go in all directions and may produce an 
overall density (fog) on the film. 


Sella Turcica. A saddle-shaped bone struc- 
ture at the base of the skull, in the sphenoid 
bone, which holds the pituitary gland. 


Septum. A dividing wall; a partition. 


Serial Films. Aseries of exposures taken to 
record progressive events; may also refer to 
films made at specified intervals for small 
bowel studies. 


Serialography. A radiographic technique 
for making multiple exposures of: a part or 
organ on a single film. — 


Serrated. Having a sawlike edge. 


Short Circuit. An accidental connection of 
low resistance between the two sides of a cir- 
cuit so that little or no current flows through 
the current-consuming device in the circuit. 


Sialography. The radiographic examina- 
tion of the salivary glands and ducts after 
the injection of a suitable contrast medium. 
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Sine Wave. Amathematical curve which is 
used to diagrammatically represent the flow 
of an alternating current or the change in 
magnetic and electric fields of electromag- 
netic radiations. 


Sinus. A hollow cavity within a bone; espe- 
cially those within the face and cranium, for 
example, the paranasal sinuses. 


Skeletal Survey. A series of radiographs 
taken of the whole skeleton to rule out pres- 
ence of pathology. 


Skeleton. The body framework of the hu- 
man body consisting of 206 named bones. 


Soft Tissue Radiography. A special radi- 
ographic technique to demonstrate anatomi- 
cal details of soft tissue. 


Spectrum. A series of electromagnetic ra- 
diations arranged inthe order of their wave- 
lengths. 


Sphenoid Bone. Irregular wedge-shaped 
bone at the base of the skull. 


Sphincter. A ringlike band of muscle fibers 
which closes a natural orifice. 


Sphygmomanometer. A device for measur- 
ing blood pressure. 


Spinal Fluid. Fluid in the spinal canal sur- 
rounding the spinal cord. 


Spine. The vertebrae composing the back- 
bone or vertebral (spinal) column. Also, a 
sharp projection on a bone. 


Spinning Top Test. To check an X-ray tim- 
er by means of a rotating circular metallic 
disc with a perforation at its periphery. 


Spinous Process. That part of a vertebra 
which projects backward from the arch, giv- 
ing attachment to muscles. 


Splenoportography. The radiographic 
examination of the venous circulation in the 
spleen and related blood channels following 
introduction of a contrast medium. 


Spot Film. A radiograph made of small iso- 
lated areas during fluoroscopy. 


Stasis. A standing still or stoppage of the 
normal flow of the contents of the vessels or 
of any organ of the body. 


Static Marks. Artifacts produced on a film 
due to discharges of static electricity. They 
may appear as Irregularly shaped lines re- 
sembling trees, streaks, or smudges. 


Stationary Gird. A thin wafer grid placed 
between the cassette and the part to be ex- 
amined in order to absorb secondary and 
scattered radiation. 
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Stenosis. Narrowing or stricture of a duct 
or canal. 


Step-up or Step-down Transformers. See 
Transformer. 


Stereoradiography. The radiographic pro- 
cedure by which two films are exposed of the 
same part from slightly different tube posi- 
tions without moving the patient. The films 
so produced are then viewed on a stereoscop- 
ic viewing box in order to obtain a third di- 
mensional effect not visible on the plain radi- 
ograph. Also called stereoscopy. 


Sternal Angle. The angle formed by the 
junction of the manubrium and the gladiolus 
or body of the sternum. Also called Angle of 
Louis. 


Sternum. The breast bone; it consists of 
three portions, the manubrium, the gladio- 
lus, and the xiphoid (ensiform) process. 


Stop Bath. An acid solution into which film 
may be immersed before fixing in order to 
stop the developing action promptly. 


Storage Capacity. A term referring to the 
maximum quantity of heat measured in heat 
units which may be stored within an X-ray 
tube without burning out the tube. 


Subcutaneous. Beneath the skin, hypoder- 
mic. 


Submentovertex. The positioning of the 
head and X-ray tube so that the CR ray en- 
ters at a point just below the symphysis 
mentis and exists from the top or crown (ver- 
tex) of the skull. 


Superior. Situated above or occurring in a 
higher position; also referring to the upper 
surface of an organ or structure. 


Superoinferior. Directed from above down- 
ward. 


Supination. The act of or position of lying 
on the back. The rotation of the hand so that 
the palm faces upward. 


Supine. Lying face up. 


Syvmphysis. The median point or union of 
two paired bones; as, the symphysis pubis. 


Systole. The period of the heart’s contrac- 
tion; also, the contraction itself. 


Target. The portion of the anode of the X- 
rav tube against which the electron stream 
is directed, 
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Target-Skin Distance. The distance from 
the target of the X-ray tube to the skin; this 
is a necessary consideration in determining 
absorbed dose by a patient in radiation ther- 
apy. 

Teleroentgenogram. A film, usually of the 
chest, made at a distance of 6 feet. 


Temporal Bone. The irregular bone at the 
side and base of the skull containing the 
organs of hearing. 


Temporomandibular Joint. The joint be- 
tween the temporal bone and the lower jaw 
located just anterior to the external audito- 
ry meatus. 


Therapy. A term used in radiology to indi- 
cate treatment with radium, radioactive iso- 
topes, and/or X-rays. 


Thoracic. Pertaining to, or situated in the 
region of the chest. 


Thoracic Spine. That portion of the verte- 
bral column to which the ribs are attached. 
Also called dorsal spine. 


Thorax. The part of the body between the 
neck and diaphragm and encased by the ribs. 


Tibia. The longer of the two bones of the 
leg. The shin bone. 


Timer. The device used on an X-ray ma- 
chine to complete the electrical circuit so 
that X-rays will be produced for a limited 
period of time. See Exposure Timer and Im- 
pulse Timer. 


Time-temperature Development. A method 
of film development in which the time or du- 
ration of development is dependent upon the 
temperature of the developer. 


Tomography. A special technique in which 
various selected planes of the body can be 
clearly demonstrated on a radiograph while 
structures above or below are blurred in 
various degrees. Also termed planigraphy, 
laminagraphy, stratigraphy, and body-sec- 
tion radiography. 


Transformer. An electrical device which 
changes an alternating current of a given 
voltage and amperage into another alternat- 
ing current of a different voltage and amper- 
age. A step-down transformer decreases 
voltage and increases amperage. A step-up 
transformer increases voltage and decreases 
amperage. 


Transverse. Crosswise; lying perpendicu- 
lar to the longitudinal axis of the body. 
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Transverse Plane. Any plane _ passing 
through the body perpendicular to the mid- 
sagittal and coronal planes. 


Transverse Processes of Vertebrae. The 
bony projections which extend outward on 
either side of a vertebra to furnish attach- 
ments for muscles. 


Trendelenburg Position. A supine position 
in which the pelvis is higher than the head of 
the patient. For radiographic purposes, the 
body may be tilted as much as 45°. 


Trephining. Removing circular disks of 
bone from the skull with a crown saw (tre- 
phine). 


Trochanter. One of two large rounded proc- 
esses on either side of the femur, just below 
the femoral neck. The one on the outer side is 
called the greater trochanter, while the one 
on the medial side is called the lesser tro- 
chanter. 


Trochlea. A modified condyle on the distal 
end of the humerus. 


Tubercle. 
bone. 


A small rounded projection on a 


Tuberosity. A large rounded projection on 
a bone. 


Ulna. The inner and larger bone of the fo- 
rearm, on the side opposite that of the 
thumb. 


Underexposure. The result of exposing the 
X-ray film to an insufficient amount of X- 
rays. 


Ureter. A small tube which carries urine 
from the kidney to the bladder. 


Ureterography. The radiographic exami- 
nation of the ureters after the injection of a 
contrast medium. 


Urethra. The canal through which urine is 
excreted from the bladder. 


Urethrography. The radiographic exami- 
nation of the urethra after the injection of a 
contrast medium. 


Urography. The radiographic examination 
of the urinary tract, or any of its parts, af- 
ter the injection of the contrast medium. 


Uterosalpingography. Radiographic exam- 
ination of the uterus and fallopian tubes 
after introduction of contrast media. Also 
called hysterosalpingography. 


Uterus. Womb 
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Vacuum Tube. Any type of sealed tube 
which has a very low gas pressure and will 


allow an electric current to flow through it. 


X-ray tubes and valve tubes are examples of 
vacuum tubes. 


Valsalva’s Maneuver. Forced expiration 
against a closed glottis after the patient has 
taken in a deep breath. 


Variable kVp. Technique of exposure using 
a changeable kVp, as opposed to optimum 
kVp. 


Vena Cava. One of the great veins the pur- 
pose of which is to carry blood back to the 
heart. It can be visualized on angiocardi- 
ograms. 

Venography. The radiographic examina- 
tion of venous structures during the injec- 
tion of a radiopaque solution. 


Venography, Portal. The radiographic 
examination of the liver following injection 
of a contrast solution directly into the por- 
tal vein. 


Ventral. Situated in front of; referring to 
the anterior surface of the body. 


Ventriculography. The radiographic exam- 
ination of the ventricular system of the 
brain after removing the cerebrospinal fluid 
through threphine holes and filling the ven- 
tricles with a contrast medium. 


Vertex. The crown or top of the skull. 


Vertical. Perpendicular to the plane of the 
horizon; upright. Also, of or pertaining to 
the vertex of the skull. 


Verticosubmental. The positioning of the 
head and X-ray tube so that the central ray 
enters the vertex and emerges from just be- 
low the chin. 
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Vesicle. A small bladder or sac containing 
liquid. : 

Viscus. Any large interior organ in any one 
of the three great cavities of the body, espe- 
cially in the abdomen. | 


Volt. The unit of electrical pressure or 
electromotive force. One volt is that amount 
of electrical pressure (EMF) which is re 
quired to force one ampere of current 
through one ohm of resistance. 


Voltage. The electrical pressure which 
causes electricity to move measured in volts. 
See also Electromotive Force and Potential 
Difference. 


Voltmeter. An instrument for measuring 
electromotive force in units designated as 
volts. | 


Vomer. One of the facial bones entering 
into the formation of the nasal septum. 


Watt. The practical unit of electric power. 
One watt is produced when one volt pushes a 
current of one ampere. 


Wavelength. The distance between consec- 
utively recurring points on a sine wave. 


Xiphoid Process. The small triangular 
bony segment forming the lower end of the 
sternum. Also called ensiform. 


X-rays. A form of electromagnetic radia- 
tion possessing very short wavelengths and 
high penetrating power. | 


X-ray Tube. A vacuum tube which is de- 
signed especially for the purpose of produc- 
ing X-rays. 


Zero Potential. Having neither positive 
nor negative voltage or pressure. 


Zygoma. Same as malar bone. 
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